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volles on B&W Package 
Boilers to supply heat for buildings 
and steam for all of their process 
requirements where giant ovens 
produce 177 million pounds of 
bakery products annually. 


In Nabisco’s $15,000,000 plant at 
Fair Lawn, N. J., three B&W Pack- 
age Boilers are used to heat the 
plant, and to supply steam for 


B&W—THE NATION’S 


G-979A-1B 


LEADING 


process equipment. Operating at 
130 psi and 338 F, the three oil- 
fired boilers deliver a total of 
84,000 Ib of steam per hour, Each 
of the plant’s ovens are the length 
of a football field and these im- 
mense bake-ovens process up to 
5,600,000 cookies an hour! Need- 
less to say, dependable process 
steam supply is a must in this mas- 
sive baking operation. That’s why 
Nabisco selected B&W Package 
Boilers to provide the needed 
steam. 

Dependability, however, is only 
part of the story. Budget-minded 
Nabisco management has found 
the cleanliness of operation, high 
fuel economies, flexibility, rapid 
response to demand, and maximum 
capacity in minimum space af- 


MANUFACTURER 


forded by B&W Package Boilers 
equally attractive features. They 
also appreciate the assurance that 
B&W’s nationwide service organ- 
ization will be promptly and eco- 
nomically available if needed—at 
any time during the life of the 
boilers. 

Supplying heat and process steam 
for a modern baking plant like 
Nabisco’s is further evidence in 
action of dependable steam gener- 
ation by B&W. Whatever your 
steam requirements . . . whatever 
your most economical fuel, B&W 
has the boiler best suited to your 
application. Your local B&W rep- 
resentative has all the facts on your 
area. Call him soon, The Babcock 
& Wilcox Company, Boiler Divi- 
sion, Barberton, Ohio. 


INDUSTRIAL BOILERS 


THE BABCOCK & WILCOX COMPANY 


BOILER DIVISION 
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DYNAMIC BALANCING 
ELIMINATES CLUTCH VIBRATION 
assures you smooth, enduring clutch performance 


Rockford Clutches are vibration free . . . heavy spots to insure perfect balance. 
This means your on and off-highway + ie Clutch vibration can ruin bearings 
vehicles or industrial machinery bi Og . . . crack housings . . . damage 
get extra-long clutch life, top crankshafts or other essential com- 
power from your engines and ex- ie, Aa. sa ponents. Consider the operator 
tremely smooth engagements. ,. Ae of your equipment . . . freedom 
Rockford eliminates vibration ; *) a : from vibration means quite a bit 
by dynamically and statically oi = es to him, too. No uncomfortable 
balancing each clutch. Above, = * nerve-jangling work here. Yes, qual- 
a Rockford man spins a clutch ''\ le ; ity construction is Rockford’s key to 
onaspecial balancing machine. ra a efficient clutch reliability. Rockford 
He then views electronic scope be offers a wide range of power controls. 
for vibrational-blips and removes ba Write today for illustrated brochure. 


ROCKFORD CLUTCH 


1307 EIGHTEENTH AVE., ROCKFORD, ILLINOIS sORe- 


WARNER 
Export Sales Borg-Warner International * 36 So. Wabash, Chicago, Ill. 
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PER CENT DECREASE IN STIFFNESS WITH 100°F. INCREASE IN TEMPERATURE 


How Temperature 
affects spring stiffness 


When service or operating temperatures 
are above room temperature, spring 
selection must take into consideration 
several factors usually of little conse- 
quence in ordinary service. 


These are loss of strength, thermal ex- 
pansion, deflection, drift and hysteresis. 


The first effect — loss of strength — is 
usually the most serious. What happens 
is that the safe stress carrying capacity 
of the spring material decreases at 
higher service temperatures and springs 
of ample strength at room temperature 
may be too highly stressed when heated. 


These effects may be small in many 
cases, but under some conditions they 
may be important, particularly when 
temperatures vary over a wide range. 
Where an accurately determined spring 
strength at elevated temperature is de- 
sired, the specifications covering load 
test at room temperature should be cor- 
rected for the change that will occur. 
The approximate amount of correction 
for 100° F change in temperature for 
various materials is shown in the chart 
above. 


With today’s increasing high-tempera- 
ture problems in many fields, proper 
spring selection is more than ever im- 
portant. The subject is discussed in our 
latest pamphlet, ‘‘High Temperature 
Springs.’’ Write for your copy. 


2.0 


General Offices: Bristol, Connecticut 


Associated Spring Corporation 


B-G-R Division, Plymouth and Ann Arbor, Mich. 
Gibson Division, Mattoon, Ill. 

Milwaukee Division, Milwaukee, Wis. 

Seaboard Pacific Division, Gardena, Calif. 


Raymond Manufacturing Division, Corry, Penna. 
Ohio Division, Dayton, Ohio 


Wallace Barnes Division, Bristol, Conn. and Syracuse, N. Y. 
F. N. Manross and Sons Division, Bristol, Conn. 

Dunbar Brothers Division, Bristol, Conn. Cleveland Sales Office, Cleveland, Ohio 
Wallace Barnes Steel Division, Bristol, Conn. Chicago Sales Office, Chicago 46, Ill. 
Canadian Subsidiary: Wallace Barnes Co., Ltd., Hamilton, Ont. and Montreal, Que. Puerto Rican Subsidiary: Associated Spring of Puerto Rico, Inc., Carolina, P.R. 
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THE COVER 
This picture is our symbol of this year’s ASME Design Engineering Con- 
ference and the concurrent Design Engineering Show. They will be 
held May 22-25, at Detroit’s new exhibition building, Cobo Hall. As in 
previous years, the Show—and the Conference of ASME’s Machine 
Design Division—will be Mecca for mechanical engineers, a gathering 
of the leaders of this American art. Program: See pages 154-156. 


THE “ARTIST” ENGINEER 


As an engineer, you'll tend to be scientist, or artist. The artist trans- 
lates the scientist's schematics into hardware, adapting and designing 
—and managing. He's the facer of facts, the builder. 


DESIGN ENGINEERING: 1961 


G. W. Younkin 

C. E. Warner and R. L. Berg 

H. R. Butzlaff and K. F. Charter 

Competition: It's here, calling for new thinking in the design of ma- 
chinery. Your know-how must include understanding of materials 
other than metals, and advanced knowledge of production methods. 


LOADING A TIRE-CURING MACHINE...................... L. E. Soderquist 
Not only faster, but better. Molds stay hot, diaphragms may last 
longer, variables can be eliminated, production goes up. The move 
toward automation comes gradually here, an operation at a time. 


ENGINEERING’S GLASS HOUSE. ............ccccccccccees S. W. Brossman 
Something's got to give: On the one hand, Engineering, wanting to im- 
prove the product; on the other, Production, wanting to produce. 
Does your engineering department fail to get the whole picture? 


THE ORLANDO GAS TURBINES C. H. Stanton and H. C. Luff 
In 1958, these were the largest simple-cycle gas turbines in the U.S., a 
new class of large equipment. Difficulties? Yes. Here is a run- 
down on the problems presented by this turbine installation. 


UNIVERSITY RESEARCH IN ENGINEERING G. F. Wislicenus 
Just what is acceptable research? Does the element of application— 
inherent in engineering as in medicine—disqualify engineering as a 
subject for university research? Not if we value creativity. 


LUBRICATION REVIEW—DEVELOPMENTS IN BEARINGS AND 
LUBRICANTS. A DIGEST OF THE LITERATURE FOR 1959-1960. 
PART TWO 
So many problems demand solution. Are you up on lubrication by dry 
powders, turbulent flow in bearing films, electricity in bearings, power 
losses due to spinning action of balls in a bearing race? 
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YOU LIFT DESIGN RESTRICTIONS, 
RAISE HEAT TRANSFER EFFICIENCY 


with B &W Job-Matched Stainless and Alloy Steel Pressure Tubing 


High pressures—severe temperatures—exposure to oxidation and 
corrosion—whatever extreme service conditions govern your heat 
transfer equipment. BKW can produce the right tube for the job. 

To give you design freedom, B&W offers a complete selection of 
stainless and alloy steel pressure tubing. B&W will work closely with 
you in selecting the right grade and type — in matching the proper 
tolerances, properties, length, finish and heat treatment to your appli- 
cation. The result: tubing to “spec” that delivers maximum rate of 
heat transfer, provides easier fabrication and long service life. 

Why not talk with B&W while your plans are on the drawing board? 
Just call your local B&W District Sales Office. Meanwhile write for 
Bulletin T-417. The Babcock & Wilcox Company, Tubular Products 
Division, Beaver Falls, Pennsylvania. 


THE BABCOCK & WILCOX COMPANY 
TUBULAR PRODUCTS DIVISION 


Seamless and welded tubular products, solid extrusions, rolled rings, seamless welding fittings and forged steel flanges—in carbon, alloy and stainless steels and special metals 
Circle No. 15 on Readers’ Service Card 
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Report from Carborundum: 


How industry is 
solving unusual problems 
with unusual refractories 


PACKING EXPANSION JOINTS: 


CERAMIC FIBER WITHSTANDS 2300°F; EASILY PACKED; OBTAIN- 
ABLE IN MANY FORMS. riserrraxe ceramic fiber extends the tempera- 
ture ceiling of fibrous insulating materials; opens new application 
areas. In rope or bulk form, it makes an excellent expansion-joint 
packing for refractory furnace walls. It is light in weight, highly resilient, 
does not shrink, is impervious to heat shock, and is inert to most fur- 
nace atmospheres. Various forms of FiBERFRAX — e.g. Cloth, board, 
paper etc. — also offer advantages for gasketing, sealing, wrapping, 
lining, encapsulating, blanketing and jacketing. 


ZINC ORE REDUCTION IN VERTICAL RETORT: 


RUGGED REFRACTORY WALLS CONDUCT HEAT FAST, STAY GAS 
TIGHT. Five million Btu's must be transferred through refractory walls 
such as shown at left for every ton of zinc produced. High heat conduc- 
tivity — 11 times that of firebrick — is provided by carsorraxe silicon 
carbide retort walls. internal temperatures reach 2000°F. Other impor- 
tant refractory properties: great physical strength at high temperatures, 
chemical inertness, and unequalled abrasion and erosion resistance. 
Low permeability is also important because gas-vapor mixtures pro- 
duced in the retort must be contained. 


SPRAY NOZZLE FOR CORROSIVE SERVICE: 


REFRACTORY REPLACES METALS—RESISTS HIGH TEMPERATURES, 
CORROSION, THERMAL SHOCK. The nozzle illustrated sprays a 15% 
solution of SO, in water at 150°F into a chamber operating at over 
1700°F. Conditions involve severe thermal shock and corrosion. Pre- 
viously used metal nozzles often lasted less than two months. Nozzles 
made of Carborundum’s silicon carbide have shown no signs of failure 
after five years of service — another example of how these versatile re- 
fractories can take unusual forms to meet highly specialized problems, 
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PUMPING ABRASIVE SLURRIES: 


REFRACTORY PARTS FOR PUMP RESIST WEAR, OUTLAST HARDEST 
METAL ALLOYS. Development of rEFRAx@, a silicon-nitride-bonded sili- 
con carbide, makes it possible to use refractories in many applications 
usually requiring metals. It can be formed with high dimensional accu- 
racy as well as a high finish. Examples of use are impellers and shell 
liners in “‘Lightning” sand and gravel pumps made by Kansas City Hay 
Press Co. Comparative performance during a six months’ test pumping 
150 GPM of water with 20% silica sand against a 70-foot head has 
shown that reFrrax parts give more than five times the life of duplicate 
parts made of nickel chrome alloy. 


MAKING 200 TONS OF STEEL BEHAVE: 


TARGET BLOCK HELPS KEEP FURNACE TEMPERATURE AT MAXIMUM 
PRODUCTION LEVEL. The temperature detector shown in the open 
hearth roof at left is mounted in a hollow silicon carbide block. The 
detector is focused on a target disc made of another one of Carborun- 
dum’s refractories — REFRAX refractory. Radiated heat from the disc 
provides a constant check on roof temperature . . . assures maximum 
production without danger of “‘losing’’ the roof. These two refractories 
provide the necessary properties of high heat conductivity, resistance 
to high temperatures and furnace gases and exceptional hot strength. 
Device is manufactured by Leeds & Northrup Co. 


FIRING ELECTRICAL PORCELAINS: 


SILICON CARBIDE KILN FURNITURE SIMPLIFIES CAR SETTINGS, 
PROTECTS WARE; IMPROVES HEAT CIRCULATION. Kiln car at left is 
loaded with electrical insulators supported by carsorrax silicon car- 
bide tile, posts and girders. Setting enables car to carry maximum load; 
may be rearranged as needed to suit different sizes of ware. CARBOFRAX 
furniture possesses high hot strength, resists deformation, reduces 
breakage losses — in trip after trip through the kiln. Furniture is also 
designed to permit uniform circulaton of heat through and around car 
for best ware firing conditions. 


SINTER-PLANT DUST COLLECTOR: 


REFRACTORY LINING LASTS YEARS IN SERVICE INVOLVING HIGH- 
VELOCITY GAS AND ABRASIVE PARTICLES. Superior resistance to en- 
trained abrasive particles is shown by a lining made of a Carborundum- 
made refractory in this primary dust collector. Cone lined with 
Carborundum's material has handled more than 2,500,000 Ibs of abra- 
sive sinter dust in seven years. Ordinary brick in other parts of the 
same collector has worn back to the shell in only 5 months. Other wear- 
resistant applications for Carborundum’s refractories are in duct lin- 
ings, blast furnace downcomers, hydro cyclones, chutes, bins, feeder 
tables, gas scrubbers, nozzles and other related applications. 


Want help on your problems? Carborundum engineers will 
be glad to recommend refractories to answer your specific needs. For information, contact 
Dept.ME-51, Refractories Division, Carborundum Co., Perth Amboy, N. J. Descriptive bro- 
chures available on request. Please specify the area or areas of particular interest to you. 


for engineered refractories... count on 


CARBORUNDUM'’ 
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ROTARY 


More and more, industrial leaders are 
looking-to (and buying) Fairbanks Morse 
leadership in Compressor design. Why? 
Because the unique, mechanical simplicity 
of this rotary design combines maximum 
efficiency and reliability with low initial 
cost—low maintenance requirements—min- 
imum operating costs. And skid-mounting 
cuts installation time— puts you on stream 
faster. 


The advanced design of the F-M Axial 
Flow Rotary Compressor features helical- 
shaped rotors for smooth, economical com- 
pression . . . with oil-free delivery, surge- 
free operation on a wide variety of gases. 


F-M Rotary Compressors have no re- 
ciprocating parts, no valves, no metal-to- 
metal contact in the compression chamber. 
Result? Minimum ‘“‘down-time’”’ expense. 
They save space— produce minimum 
vibration — provide stable performance 
with speed flexibility. Every Rotary 
Compressor built features famous 
Fairbanks Morse quality craftsmanship. 


Skid-Mounted, Tandem Rotary Com- 
pressor ready for installation at 


With capacities up to 21,000 cfm—and 
pressures up to 250 psig, F-M Rotary 
Compressors are a versatile asset to many 
operations. Discover how they can step up 
the efficiency of your operation . . . and 
cut maintenance and installation costs as 
well. Write: Fairbanks, Morse & Co., 
Director of Marketing, Compressor 


Division: Beloit, Wisconsin. 


THESE INDUSTRIAL LEADERS 
HAVE BOUGHT F-M LEADERSHIP 
IN COMPRESSOR DESIGN! 


(What Benefits Them Can Benefit YOU) 


The Algoma Steel 
Corporation, Limited 
American Metal 
Climax, Inc. 
CF Braun & Co. 
Celanese Chemical Co. 
Copolymer Rubber & 
Chemical Corp. 
Cyanamid of Canada, Ltd. 
Deere & Company 
Foster Wheeler Corporation 
M. W. Kellogg Co. 


Monsanto Chemical Co. 

The Ralph M. Parsons 
Company 

Phillips Chemical Co. 

Scientific Design Co., Inc. 

Shell Chemical Company 

St. Paul Ammonia 
Products Co. 

Union Carbide 
Chemicals Company 

United Refining Co. 


‘FAIRBANKS MORSE 


Deere & Company, Waterloo Tractor 
Works. 


A MAJOR INDUSTRIAL COMPONENT OF 


Model 200L3/132L3 Fairbanks-Morse 
Rotary Air Compressor for 12,000 
cfm, 110 psig. with 2600 h.p. steam 
turbine drive. 


FAIRBANKS WHITNEY 
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NEVER A COMPROMISE 
WITH TUBE:TURN 
PIPELINE FITTINGS 


what 
need... 


when 
you need 


Why compromise in pipeline design? Choose the exact pipeline 
components you need from Tube Turns’ 12,000 standard fittings 
and flanges and pipeline specials such as 3R elbows, scraper bar 
tees, insulating flanges, manifold fittings, hinged closures, and 
many others. 


Why compromise in pipeline construction? Your Tube Turns 
Distributor will fill all your pipeline component needs on a 
single order...no red tape, no delays. Tube Turns’ prompt 
service keeps your construction timetable on schedule. 


Why compromise in pipeline performance? To get all the per- 
formance you designed into your pipeline, make sure TUBE- 
TURN quality goes into the job, not merely into the design 
specs. Tube Turns Distributors and responsible contractors are 
glad to give you this assurance with an affidavit that states 
they have met your specifications to the letter. 


Standardize on TUBE-TURN Pipeline Fittings now, and look 
for the famous “‘tt”’ trademark when you buy. It’s your guar- 
antee of quality ...the mark of known value. Write today for 
TUBE-TURN Pipeline Fitting selection guide... ask for 
Bulletin TT638-E205. TUBE TURNS, Louisville 1, Kentucky. 


*“TUBE-TURN” and “tt” Reg. U.S. Pat. Off. 


TUBE TUR 
of- CHEMETRON ] Coporalion 
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LIFESAVER For The 
Men Who Design Piping 


Tube Turns offers not only the 
most complete line of properly engi- 
neered pipeline components for ut- 
most design flexibility, but a wealth 
of technical data and able engi- 
neering assistance without counter- 
part anywhere in the world. 
Standardizing on TUBE-TURNpiping 
products saves time and trouble. 


LIFESAVER For The 
Men Who Buy Piping 


The world’s most complete line of 
welding fittings and flanges, over 
12,000 regularly stocked TUBE- 
TURN items, permits every speci- 
fication to be met without 
compromise or delay. A fully re- 
sponsible Tube Turns Distributor 
is as near as your telephone to give 
prompt delivery of all your needs 
from one source on a single order. 
Saves time, paperwork, multiple 
checking, piecemeal deliveries and 
the inevitable problems of divided 
responsibility. You save money 
when you standardize on TUBE- 
TURN piping products! 


LIFESAVER For The 
Men Who Install Piping 


Time is money in pipeline construc- 
tion. TUBE-TURN Pipeline Fittings 
do not require remanufacture or 
compromises . . . or the delays that 
result from rejections. They are 
uniform, precision-engineered for 
easy, time-saving installation. And 
you can put them in and forget 
them because they are dependable. 
TUBE-TURN piping products cost 
less because they save more in 
every way! 


TUBE- TURN 7 Fittings Are Stocked By And oom Exclusively Through Authorized Distri : 


. 
— 
Specify service-proven TUBE-TURN Pipeline Fittings. 
tinged Closures Venturi Reducers 
idles 


A Nalco DEPARTMENT MANAGER 


Answers the Questions Most Often Asked 
About Nalco Water Treatment Consulting Service 


Experts Extend Your Staff Potential 

for Fast, Economical Handling of 
System Design, Chemical and Equipment 
Selection, and Plant Operations. 


Question: If a company’s staff includes qualified de- 
sign and operating personnel, why is Nalco Consult- 
ing Service needed? 


Answer: Design, modification, improvement, and 
achievement of maximum economy in operation of 
water treatment facilities are highly specialized chemi- 
cal engineering fields. Constant research and long ex- 
perience in these fields enable Nalco engineers to 
supplement—not replace—the efforts of a company’s 
staff by providing up-to-date information in their spe- 
cial fields. 


Question: How does Nalco Consulting Service differ 
from the services of design consulting engineers? 


Answer: Again, remember the specialized nature of 
water treatment engineering. Rarely can a company 
or consulting firm afford to maintain a staff of engi- 
neers who devote their entire energies to water treat- 
ment. Nalco, however, does have such a group of water 
treatment specialists that can act as an extension to 
the staff of the design engineer. These men have not 
only knowledge and experience in the intricacies of 
each of the specialized areas of water treatment, but 
the constant association with the rapidly changing 
technology of the field required to keep their informa- 
tion accurate and up-to-date. 


Question: What return on investment does the cost of 
a Nalco consulting program provide? 


Answer: Nalco Consulting Service reduces plant con- 
struction costs and saves your engineers’ time. For 
example, assume that you need a new or completely 
modernized ion exchange water treatment plant. Nalco 
Consulting Service will help your engineers and/or 
design consultants establish the basic type and size of 
plant needed. before requests for bids are issued. Po- 
tential suppliers can then return bids faster and more 
economically. Also, your engineers can evaluate bids 
in a fraction of the time required for evaluation of bids 
on a variety of plant types. This reduces the overall 
cost of the system and releases the men involved for 
other projects. 


Question: How is Nalco Consulting Service useful to 
an existing plant for which no immediate expansion is 
planned? 


Answer: Few plants require or can afford a full-time 
water conditioning engineer — yet all plants find at 
times that they need the services of such an engineer. 
Nalco meets this need by supplying plant operators 
with the assistance they need, when they need it, to an 
extent determined by mutual agreement. Consulting 
service prevents many problems before they occur by 
anticipating the need for changes in chemical treat- 
ment control and application—giving you maximum 
benefit from every dollar spent on water treatment 
chemicals. 


Question: Isn’t consulting service usually supplied, 
free of charge, with the purchase of water treatment 
chemicals? 


Answer: Product application assistance is offered for 
specific chemicals. Consulting provides an overall pro- 
gram. The complexity of many of today’s systems re- 
quires attention to all phases of operations. While 
product application assistance is an important Nalco 
service to industry, often it should be supplemented 
with a consulting arrangement which provides the in- 
tensive and effective integration of all water treatment 
into a successful program. 


Selden K. Adkins, Manager, Nalco Consulting Service Department 


Question: What do you mean when you say “the highly 
specialized nature” of chemical engineering as applied 
to water conditioning? 

Answer: No one engineer can know every single detail 
that is important in each phase of an overall water 
treatment program. Coagulation, filtration, stabiliza- 
tion, softening, sludge conditioning, ion exchange, slime 
and microbiological control—all these and many more 
must be considered. Nalco’s coagulation, stabilization, 
power industry chemicals, process antifoams, cooling 
water, and microbiology departments maintain an effec- 
tive working knowledge of each of these special areas 
of water treatment. Each department manager is an 
expert in his given field, and is — by an average 
of 25 staff and laboratory personnel. Nalco’s Consult- 
ing Department draws on the specialized knowledge of 
each of these groups to provide the engineering knowl- 

edge needed in each plant. By coordinating the efforts 
of all these specialists and utilizing the knowledge and 
experience of our national field force. Nalco can pro- 
vide precise information to get successful results. That 
so many departments are vital in our operations in- 
dicates the degree of specialization necessary. 


Question: How can a company that sells chemicals be 
a “true” or impartial consultant? 


Answer: Regardless of affiliation, consultants are re- 
sponsible for producing effective results. Nalco con- 
sultants have nothing to gain—and everything to lose 
—by recommending any chemical or method not in the 
best interest of the client. Water treatment products 
offered by Nalco (or any reputable company of this 
type) are usually special blends, each designed to do 

a specific job under a specific set of conditions. These 
specialized produc ts would not exist if there was an 
exact equivalent “open market” chemical available. 
The Nalco Consulting Department recommends the 
most suitable chemical for a given situation—regard- 
less of whether or not it is a Nalco product. The single 
objective of Nalco Consulting Service is to provide the 
client with maximum treatment efficiency, regardless 
of which chemical or equipment is used. Chemicals 
are no more than tools to the consulting engineer— 
what he provides are programs, methods, and results 


Suggestion: Ask your Nalco Field Representative, or 
write for illustrated 16 page Bulletin D1 for informa- 
tion on Nalco Consulting Services. 


NALCO CHEMICAL COMPANY 


6317 West 66th Place . Chicago 38, Illinois 
Subsidiaries in England, Italy, Mexico, Spain, 
Venezuela and West Germany 
In Canada: Alchem Limited, Burlington, Ontario 


®... Serving Industry through 
Practical Applied Science 
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First privately owned and operated space-age plant 


furnishes liquid hydrogen 


to missile centers 


and industrial users 


ROG 


These double-wall cryogenic storage 
tanks play a vital role in the first 
privately-owned plant to supply liquid 
hydrogen on a large-scale commercial 
basis. Hydrogen is stored in the 


sphere at —423°F and nitrogen in the 
cylindrical tank at —320°F. Located 
in Torrance, Calif. and owned by 
Linde Company, Division of Union 
Carbide Corporation, the plant will 
deliver 3,300,000 Ibs. of liquid hydro- 
gen yearly to missile centers. Both 
tanks were designed (using Linde- 
approved designs), fabricated and 
erected by CBal, world’s most experi- 
enced builder of cryogenic vessels. 


ABOVE: Aluminum inner shells and car- 
bon steel outer shells were used for the 
two cryogenic tanks. The spherical tank 
is 28 ft. in diameter and the cylindrical 
tank 21% ft. Special insulation is 
between the shells. 


Top LEFT: The inner sphere is suspended 
in the outer sphere by stainless steel 
rods positioned around the perimeter. 
Resting on the ground nearby is the 
aluminum inner shell of the cylindrical 
nitrogen tank. 


LEFT: A trailer is being loaded with 
liquid hydrogen for delivery to missile 
centers, other government installations, 
or industry. 


re) Chicago Bridge & Iron Company 
C <5 332 South Michigan Ave., Chicago 4, Ill, 
Offices and Subsidiaries Throughout the World 
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DESIGN HIGHLIGHTS OF THE VU-60 


Modular construction makes it possible to assemble 
custom designs from standardized components. 


Boiler can be proportioned for best combustion, heat 
absorption and gas flow even when space conditions are 
limited or difficult. 


Completely self-cased, the VU-60 is an all-welded gas- 
tight and pressure-tight envelope of finned furnace and 
boiler tubes. This results in less non-working weight 
per pound of steam capacity. 


No external ductwork. The bottom of the boiler is a 
plenum chamber which allows air to flow direct from the 
air heater to the burner windbox. 


Number of field-welded pressure parts is greatly reduced. 


Cross flow baffling and symmetrical boiler bank mean 
low draft loss, no sluggish gas flow in any pass. 


Requires only a simple, reinforced concrete slab. No 
conventional roller supports required. 


Paneled construction cuts erection time. 
No air heater supporting steel is required. 


For pressurized or induced draft firing. When pressur- 
ized, unit does not require induced draft fan. 


VU-G0 SPECIFICATIONS 


100,000 to 250,000 Ib per hr 


Capacities: 
250, 500, 750, 1000 psi 


Design pressures: 


Steam temperatures: To 900 F 
Fuels: Oil and/or gas 
Firing: Horizontal (front wall) 


or tangential 
Depth — twelve 
Width — eight 
Height — three 


Size increments: 


Steam drum sizes: 


Four 


ALL TYPES OF STEAM GENERATING, FUEL BURNING AND RELATED EQUIPMENT; NUCLEAR REACTORS; 
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The VU-60 Boiler is a new and logical extension 
of C-E’s service-proved VU series. Like all VU 
units, it is completely integrated, symmetrical 
in design, uncluttered and uncomplicated. 
Based on a standardized modular concept, it 
offers greater flexibility, yet stays within the 
bounds of solid and proven practice. 

The VU-60 is a functional boiler. Completely 
self-cased, the exterior walls of this unit (fur- 
nace and boiler) are composed of finned tubes, 
shop welded into panels. The fins between 


panels are field welded to form a gas- and pres- 
sure-tight structure. Insulation is applied 
directly to the outside of these walls and is 
covered by pre-formed, field installed metal 
lagging. Thus non-working weight and bulk is 
reduced to a minimum. 

The VU-60 is economical, it is dependable, it 
is accessible. It is easy to install and will meet 
your most exacting steam needs. Why not write 
for further information, or, if you prefer, con- 
tact the C-E office nearest you. 


COMBUSTION #4 ENGINEERING 


General Offices: Windsor, Conn. @ New York Offices: 200 Madison Avenue, New York 16, N. Y. 


Canada: Combustion Engineering-Superheater Ltd. C300 


PAPER MILL EQUIPMENT; PULVERIZERS; FLASH DRYING SYSTEMS; PRESSURE VESSELS; SOIL PIPE 
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POWELL MAKES IT A SIMPLE MATTER 


To find the right valve for power plant installation, ing, development, materials and workmanship . . . 
just call Powell. It's that simple, since Powell can — and proved day in, day out. 

supply just about any type of valve you may need to so remember, finding the right valve can bea simple 
control water, oil, gas, air, steam or corrosive fluids. matter when you specify Powell. For further informa- 
What's more, you don’t have to wonder about Powell tion, call your nearby Powell Valve Distributor 
performance. It’s built-in through sound engineer- (there’s one in every major city), or write us direct. 


How 


115th year of manufacturing industrial valves for the free world 


POWELL HIGH PRESSURE VALVES 


THE WM. POWELL COMPANY CINCINNATI 22, OHIO 
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Scarcely a handful, this 
duplex Twin Dise Clutch, 
only 3” in diameter, is 
designed to run in oil. 


This huge 42” Twin Disc 
Air Clutch has a torque ca- 
pacity of 166,800 lb.-ft. 


MECHANICAL 


Small wet or dry clutches 

in 3.5” and 4.5” sizes with 

capacities to 14 hp. En- 
closed units in sizes from 5.5” to 
11.5” and capacities from 14 to 112 
hp. Large heavy-duty clutches for 
high-torque duty; sizes to 36” and ca- 
pacities to 1050 hp. 


PNEUMATIC 


Twin Disc Air Clutches 

\ provide more compact re- 

mote control without 

complicated linkage. Lighter weight 

reduces inertia mass, lessens shock 

loading during starting cycles. Sizes 

from 8” to 42” for every air-actuating 

application. Capacities from 29 to 
1642 hp. Max. torque: 166,800 lb-ft. 


MECHANICAL ENGINEERING 


There's a Twin Disc 
Clutch to handle 


your power 
transmission job 


HYDRAULIC 


Oil-actuated multiple- 
plate clutches for high- 
speed, high-energy opera- 
tion. Compactly designed, readily 
adapted to push button control. 
Available with optional integral oil 
collector. Sizes from 3” to 7”. Capaci- 
ties to 137 hp and 690 Ib-ft. of torque. 


ELECTRIC 

Direct-acting wet-type 

electro-magnetic clutches 

with stationary coils. An- 
nular flux-through-plates magnetic 
principle provides high torque capac- 
ity and compact design. Compensates 
automatically for wear. Sizes range 
from 3.3” to 11.5” with torque rat- 
ings from 14.5 to 1812 lb-ft. 
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Send for Bulletin 314 


This 20-page bulletin 
gives details and spec- 
ifications on the com- 
plete line of Twin Disc 
Friction and Fluid 
Drives. Write to TWIN 
DISC CLUTCH COM- 
PANY, Racine, Wis. 
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STOPS RUST AND PROVIDES LASTING BEAUTY 


Gone are the days when color was used for the 
sake of color alone. Today, color is functional—help- 
ing to improve morale and increase efficiency—serv- 
ing to color-code and mark safety aréas, etc. The 
Rust-Oleum New Color Horizons System goes even 
further. It combines four important factors (1) the 
ability to stop rust, (2) smart, modern color harmony, 
(3) the durability to last and last, (4) ease of appli- 
cation that saves time, money, and metal. See how 
this system can bring lasting beauty to your plant, 
machinery, equipment, tanks, fences, etc. Your Apply Rust-Oleum 769 Damp-Proof Red 
Rust-Oleum Industrial Distributor, with your Primer directly over sound, rusted surfaces 
Rust-Oleum Factory Specialist, will be happy to sur- te STOP RUST and cut maintenance costs 
vey your plant and provide complete recommenda- 
tions. Prompt delivery is assured from Industrial end 
Distributor stocks in all principal cities of the U.S., Damp-Proof Red Primer right over the remain- 
Canada, and many countries around the world. ing rust. Its specially-processed fish oi! vehicle 
penetrates rust to bare metal as proved in radio- 
Faced with coating problems like these? Heat resistance, active tracing studies. You save time and money, 
waler resistance, chemical resistance, floors, galvanized as costly surface preparations are usually 
metal, coatings that will dry in less than thirty min- reduced. 
utes? Rust-Oleum, in its various systems, can be your 
answer. Call your Rust-Oleum Industrial Distributor, 
or write for the facts. 


See our catalog in Sweet's. 
Distinctive as your own fingerprint. 
There are imitations, 
® but only one Rust-Oleum. 
' Accept no substitute. 


PROVED THROUGHOUT INDUSTRY FOR OVER THIRTY-FIVE YEARS 


RUST-OLEUM CORPORATION 
2984 Oakton Street © Evanston, Illinois 


At no cost or obligation, please send me: 


New full-color catalog on New Color Horizons 
System and specialized Rust-Oleum systems. 
Including color charts and applications. 


{[] FREE TEST SAMPLE of Rust-Oleum 769 Damp- 
Proof Red Primer. 


oO Please have your representative contact us 
to discuss a plant survey. 
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D. O. JAMES SPEED REDUCER SELECTION 
In-line drive double reduction unit. Also 
made in parallel shaft offset drive 
design. 


for heavy loads, use 
herringbone reducers 


When you require heavy-duty drive units, D. O. James 
herringbone gear reducers provide unequaled advantages: 


Strongest tooth form due to the arch-like construction of 
the tooth and large 30° helix angle. 

Greatest load-carrying capacity large multiple-tooth con- 
tact in plane of action full width of the tooth face is 


Parallel shaft offset drive triple 
reduction. utilized. 
No side thrust — thrusts of the opposing helices tend to bal- 


ance each other, distributing load evenly across the face of 
tooth. Housing is economical because no provision § for 
side thrust need be made, nor are thrust bearings required. 


Improved splash lubrication an oil film is formed and pre- 
served by the wedging action of the teeth. 
High efficiency 98° on single reduction units. 
These reducers are made in 110 standard sizes, single, 
double, and triple reduction, 2:1 to 370:1 ratios, .5 to 5000 hp. 
Parallel shaft offset drive single F : 
reduction, see For complete information, call your D. O. James repre- 
sentative or write today. Ask for Catalog 40-E. 


D. O. JAMES GEAR MANUFACTURING CO. 
1140 West Monroe Street, Chicago 7, Illinois 
Since 1888, every type of cut gear and gear reducer 


® 


...where you always get good gearing 
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Memo to the 
engineer 
who hasn’t 


used microfilm cards as yet! 


No doubt you've read about Recordak precision 
microfilm images mounted in aperture cards, and 
how they are speeding routines in drafting rooms 
large and small. 

But you may have some questions . . . are per- 
haps wondering just how they can help on your job. 

For a start, consider a few of the advantages: 
you'll be able to keep all of your drawings— 
thousands of them—in a small card file at your 
finger tips. You’ll be able to refer to any one of them 
in seconds in a RecorpDaAk Film Reader . . . no more 
‘“‘waiting”’ for costly prints every time you want to 
check a drawing. Whenever needed, low-cost, paper 
facsimiles—or duplicate film cards—can be made 
in seconds directly from the master card. 


SRECORDORK’ 


(Subsidiary of Eastman Kodak Company) 
originator of modern microfilming 
—now in its 34th year 
IN CANADA contact Recordak of Canada Ltd., Toronto 


There’s much more to the story. You must see for 
yourself how Recordak precision microfilming re- 
produces drawings of all types and ages with remark- 
able uniformity; how it gives you “drawings in 
miniature” that more than meet DOD requirements. 
Then you'll have a better idea why so many leading 
companies use Recordak microfilm-in-cards. 

Free booklet goes into more details on precision 
microfilming available through Recordak or a 
microfilming dealer of Recordak. 


MAIL COUPON TODAY 
RECORDAK CORPORATION LL-5 
415 Madison Ave., New York 17, N. Y. 
Send booklet describing Recorpak Engineering Draw- 
ing System and name of nearest microfilming dealer 
of Recordak. 


Name 


Company 


Position 


Address. 
City Zone State. 
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WHY PAY FOR METAL WASTE? 


Here is how to cut costs on your next tube order... 
by eliminating excessive metal waste and unneces- 
sary machining time. 


NOW FOR THE FIRST TIME you can order the exact 
size tube O.D.’s you need from 2.25” to 50” with wall 
thickrtesses from .25” to 8”. An exclusive “first” in 
centrifugally spun tubing—the ACIPCO CERAM- 
SPUN® process* makes this revolutionary develop- 
ment possible. 


YOU BUY WHAT YOU NEED...NO MORE. Further- 
more, the cost of unwanted crop ends can be 


ACIPCO CERAM-SPUN’ 


STEEL TUBING 


eliminated and tubes can be cast to specified lengths 
from 4 feet to 20 feet. Longer lengths are made by 
welding. 

OTHER ADVANTAGES? ACIPCO’s complete ‘under 
one roof” operations — including heat treating, 
machining and welding — save you the delays and 
excessive costs that often result in buying from mul- 
tiple supply sources. 

Let us tell you more about ACIPCO CERAM-SPUN® 
...contact us today. ACIPCO STEEL PRODUCTS, 
Division of American Cast Iron Pipe Company, Birm- 
ingham 2, Alabama. 


* Patent applied for 
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HORIZONTAL PLUNGER PUMP 
25 sizes~ 15 to 160 HP 


VERTICAL PLUNGER FUMP 
135 sizes— 20 to 900 HP 


Choose a Worthington plunger pump... 


ODDS FAVOR YOU-160:1 


Yes, you can choose from 160 standard 
sizes in the basic Worthington plunger 
pump line—25 horizontals, 135 verticals. 
You get 160 chances to be right from our 
basic pump models. But that isn’t all. 


In both lines, speeds can be varied, still 
other plunger and cylinder sizes are avail- 
able. So each type can be tailored to 
deliver a very exact performance. 


Remember, you choose from two basic 
types—horizontal or vertical. Each has its 
basic benefit. The horizontal power pumps 
have extremely low first cost; the vertical 
power pumps are designed for extremely 
rugged, long-life service. 


Both vertical and horizontal Worthing- 
ton power pumps are engineered to give 
the most reliable possible performance for 
their type. Stainless steel valves and Colmo- 
noy plungers are typical long-life features. 


You'll find both Worthington power 
pump types are designed for easy mainte- 
nance. There is fast access to valves through 
individual valve covers—piping remains 
undisturbed. Each cylinder size will accept 
a choice of plunger diameters to suit serv- 
ice conditions, and other parts are inter- 
changeable between similar models. 

Yes, because of the breadth and flexi- 
bility of the line, Worthington power 
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pumps can be matched quickly to any 
power pump installation. 


For information, write Worthington 
Corporation, Dept. 32-12, Harrison, New 
Jersey. In Canada, Worthington (Canada) 
Ltd., Brantford, Ontario. 


WORTHINGTON 


PRODUCTS THAT WORK FOR YOUR PROFIT 
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Vans” 


When you need fast, 
easy opening and closing 
with a leak-proof seal and 
straight-through flow with 
minimum pressure drop 

specify 


EVERLASTING 
JERSEY CITY Jz. 4 TURN 


OPENS OR CLOSES 


\ 


WRITE 
a. CYLINDER OPERATED FOR 
GENERAL SERVICE Cane remotely «STEAM JACKETED WEIGHT-OPERATED BULLETIN 
“Y" ang Where drop-tight controlled, Assures free For automatic 
and “seal and full flow electrically or flow of viscous drains 
ut off. 


For pressures is essential. manually. materials. 


up to 600 psi. 


EVERLASTING VALVE COMPANY, 80 Fisk STREET, JERSEY CITY 5, N.U. 
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FORMS, CHARTS and GRAPHS 
SAVE YOU TIME AND MONEY 


Easier on the eyes 

* Designed for rapid, accurate use 

« Erase without ghosting 

* Make faster, sharper reproductions 


Clearprint Forms, Charts and Graphs 
are now printed on #1015 Watermarked 
Clearprint... America’s leading technical 
paper. The accurately printed soft brown 
lines are now printed on the back en- 
abling you to erase and erase without 
disturbing them. Easy on the eyes and 
ideal for ready plotting and photogra- 
phic prints. Clearprint will not become 
yellow, brittle or opaque with age. 
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“FADE -OuT” PAPER 
TECHNICAL PAPER 


FORMS CHARTS GRAPHS 


“PRE-PRINT” PAPER 
THERE 1S NO SUBSTITUTE 


Clearprint is Watermarked For Your Protection 


MECHANICAL ENGINEERING 


CLEARPRINT PAPER CO. 
1482 - 67th Street, Emeryville, Calif. 


1. CROSS-SECTION FORMS 


2. MATHEMATICAL FORMS 


3. LOGARITHMIC FORMS 


4. TIME PERIOD FORMS 


Clearprint is watermarked 
for your protection. Look 
for the watermark. 

Special graphs and forms 
can be made up on short 
notice providing quantities 
are large enough to make 
special plates. 

Write now for samples, 
sizes and prices. 


ME-358 


1 Send me Clearprint samples, with prices, for the following uses: 


(CO Have your representative call at my office to discuss special 


applications for my particular needs. 
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_in winter by its cooling system!” 


Economical year-round heating and cooling 
with a YORK single-stage Heat Pump 


—Ultra-clean...no boilers, chimneys, smoke, soot 


_ USES ONLY AIR AND POWER—One compact all- ney to build and maintain. No space-wasting fuel 
electric air source unit provides continuous control storage. No boilers to tend or furnaces to feed. No 
of temperature-humidity, plus extra cleanliness and boiler insurance to buy or boiler water to treat. No 
safety. Single-stage design keeps initial and operat- flames, fumes or odors. 


ing costs competitive. 

COMPLETELY FACTORY ASSEMBLED—Saves de- 
sign time and installation costs. Units are clean, 
of a building needing cooling, and move it to another tight and factory pre-tested for reliability. Packaged 
area needing heat. Can also utilize waste heat from single stage ayatenn ae available up to 150 tons 
cooling and up to 750 MBH heating at 20°F. Com- 

BP oe pound compression systems also available up to 150 


SAVES MONEY AND SPACE—No unsightly chim- tons and 1200 MBH heating at 0°F. 


Another YORK Trail Blazer Concept Proved In Action 
At Morgan County Hospital, Madison, Ga. —York single- 
stage Heat Pump provides healthful coolness in summer 
and clean, odorless heat in winter for year-round comfort 
of patients and medical staff. Factory assembled unit de- 
livers 50 tons of cooling and 230 MBH heating at 10°F. 


CORPORATION 
Subsidiary of Borg-Warner Corp. @ 
YORK. PENNSYLVANIA 
2705 SOUTH GRANTLEY ROAD, YORK, PENNSYLVANIA 


Air Conditioning, Heating, Refrigeration and Ice-Making Equipment e Products for Home, Commercial and Industrial Applications 
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Type "GIS" Externally- 


& 


ansion Joint 


Adsco invented the first expansion joint (left) more 
than 80 years ago and today is the world’s largest 
manufacturer of all types of expansion joints. 

The Adsco Slip-Type Expansion Joints shown 
here are noted for the great amount of axial motion 
they can absorb and for rigid guiding of slip. They 
have long life and are easily maintained. The Adsco 
Piston-Ring Expansion Joint, for instance, is the 
only joint which can be unpacked and repacked 
without shutting down line pressure. 

Limit stops on all Adsco Slip-Type Expansion Joints prevent the slip from being pulled out 
of body. Chrome-plated slip cannot be scored by metal contact as only packing touches slip. These 
joints are furnished in both single and double types, in a full range of sizes, with 4”, 8” and 12” 
traverse per slip, for pressure to 400 psi and temperatures to 800° F. Special designs are available 
for higher pressures and temperatures. 

We have been of help to thousands of piping customers since 1877. Couldn't we help you today? 


ADSCO DIVISIOn 


20 MILBURN STREET 
BUFFALO 12, NEW YORK 


YUBA CONSOLIDATED INDUSTRIES, INC. 
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Power piping systems manufactured at Kellogg’s new Williamsport 
power piping center are unequalled anywhere in the world for quality. 
Due to skilled workmanship, experienced engineering supervision, 
and thorough technological back-up, each power piping system de- 
livered meets the highest standards ever established in theindustry. 

When Kellogg is also responsible for field erection, electric utilities 
are assured the ultimate in power piping service life for the mini- 
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mum over-all power piping investment. Kellogg’s Power Piping Division 
welcomes the opportunity to tell you more about its power piping cen- 
ter in Williamsport, Pa., and its manufacturing services located there. 
Write for a new brochure—soon to be available. 

POWER PIPING DIVISION / THE M. W. KELLOGG COMPANY 


A Subsidiary of Pullman Incorporated 
Plant & Headquarters: Williamsport, Pa. Sales Offices: 711 Third Avenue, New York 17, N.Y. 


um 
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You get both air supply and exhaust simultane- 
ously with the new Clarage TWINALATOR*. 
Unique, superior dual function air handling for 
all types of buildings. Definite money-saving ad- 
vantages: Requires only one opening, one motor, 
one drive, one starter. No make-up air unit neces- 
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sary. Applications unlimited — well adapted to 
closed or semi-closed systems. Can be provided 
with heating coils and filters. Write today for 
Bulletin 552. CLARAGE FAN COMPANY, Kalama- 
zoo, Michigan. Clarage sales engineering offices 


are located in all principal cities. 
Circle No. 35 on Readers’ Service Card 


*Patented 
Trademark 
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MORE STEAM CAPACITY IN LESS SPACE... 
GREATER FURNACE VOLUME...LOWER COST 


The economy of Keeler CP steam generators is described by such 
user reports as . . .““Fuel savings approximately $700 per month”. 

“Reduction of 25% over cost of operating previous boilers.”” And 
here you see how Keeler builds-in this economy and efficiency. 


The CP design gives you more steam capacity per cubic foot of 
space occupied, greater furnace volume with less head room. 
Keeler “water walls” provide extra heat absorbing surface—and 
absorb more BTU’s per square foot from the radiant heat of the 
fire. Staggered tube spacing gives you maximum heat transfer. 
Free, natural water circulation—without internal baffles—permits 
operation at high overloads with exceptionally dry steam, and 
with no disturbance of water level. 

Available in capacities to 150,000 lbs stm/hr for any method of 
firing, all types of fuel (and readily convertible). Many shop 
assembled sizes. Write or phone for the full economy story .. . 


E. KEELER CO. e¢ 400-500 West St., Williamsport, Penna. 
Offices in principal cities — In Canada: Canadian Vickers, Ltd., Montreal, P. Q. 


TUBE 
in Water Tube waren 


Steam Generators 


Three 10,000 Ib/hr capacity oil fired, 110 psig 
KEELER TYPE CP STEAM GENERATORS 


at 
EASTERN SENIOR HIGH SCHOOL, Washington, D. C. fi 
— Mechanical Contractors — 
R. E. ANDERSON COMPANY, INC., Washington, D. C. 
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ALLOY STEEL 


A.S.M.E. Approved 


SSS-100 is approved for use in the 
construction of welded pressure ves- 
sels according to the requirements 
of Section VIII of the ASME 

Boiler & Pressure Vessel Code 
(Case No. 1298—Special Ruling). 


ield’s New SSS-100 Meets 


(Triple S-100) 
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Growing Need For Tougher Steel 


Quenched and Tempered Alloy Constructional Steel With New Weight-Saving Strength — 
Greater Durability Under Punishing Loads— Excellent Weldability for Easier Fabrication. 


Here it is! Sheffield’s answer to the challenging need 
for steel with new qualities to meet the pressures of 
today’s construction: 


New Sheffield SSS-100 
Tensile Strength . . . . . 115,000 psi minimum 
Yield Strength . 100,000 psi minimum 
Elongation (in 2 inches) 18% minimum 
Reduction in Area . . . . 50% minimum 


SSS-100 may be furnished to requirements of ASTM 


A-300 at —50°F in firebox or higher quality levels. ; 


SSS-100 is the steel to specify—to demand—for storage 
tanks and pressure vessels, bridges,earth movers, heavy 
construction machinery, transport equipment, tank 


trucks, TV towers, fabricated structural shapes, missile 
ground-support equipment—-any application that calls 
for a versatile combination of high strength, toughness 
and excellent weldability. 


Sheffield SSS-100 is available in plates from ,;'; to 2 
inches thick, in blooms and billets for forging and sub- 
sequent heat treatment. Heat-treated bars can be fur- 
nished on inquiry. Also supplied heat treated to 321 
minimum Brinell for use where resistance to impact 
abrasion is required. 


For complete information and technical service, write 


Sheffield Division, Armco Steel Corporation, Attention 
Alloy Sales, P.O. Box 3129, Houston 1, Texas. 


ARMCO ‘Sheffield Division 
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for 
¢ small sheave diameters 


¢ short centers * high speeds 
quiet, vibrationless 
operation 


New R/M CX’ MOLDED V-Belts 
Outlast Others 8 to 1! 


Other notched belts are cut at the sides...leave components 
exposed to atmosphere and permit separation, costly wear on 
sheave grooves. CX V-Belt is the only fully molded... fully 
jacketed notched V-belt. This exclusive R/M development pro- 
vides drive design and performance advantages not possible with 
conventional belts. 


The only fully molded, 


@ No Cut Notches—No Exposed Sides—No Separation fully jacketed, notched 


Quieter, Smoother, Cooler Running mate. 
@ High Flexibility—Resists Flex-Cracking 

e in many sizes for a wide 
@ Micro-positioned Power Arch Strength Member range of design require- 


ments. Write for Bul- 
letin M220. 


@ Vibrationless—No Slap, No Hum, No Buzz 
@ Longer Drive Life 


Talk to R/M transmission specialists about new CX V-belts or 
other R/M belts for every drive application. 


*Patented, made for original equipment 
RMi41 


RAYBESTOS-MANHATTAN, INC. 


MANHATTAN RUBBER DIVISION - PASSAIC, N. J. 
ENGINEERED RUBBER PRODUCTS 


| 
| 
| 
| 
| 
| 
Holds Shape and Effective Length 
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CHIEVEMENT 
INMODERN | 


— 


gives you torque enough to tame a 
torrent. In a matter of minutes, you 
can power up a wide range of Crane 
iron and steel gate valves: OS&Y’s 
with ball-bearing or split yokes, ris- 
ing and non-rising stem types with 
stems up to 22-inch diameter. 
Take your choice of two styles— 
horizontal or vertical wheel—both 
with spiral-cut bevel gears of car- 
burized alloy steel yielding a 4.11 to 
1 ratio in manual operation, or with 
portable air or electric power. 
Mechanical efficiency is over 95%, 
with three sets of ball bearings to cut 
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friction, and the entire self-lubricat- 
ing unit is rugged and weatherproof. 

The kit is complete, for simple 
installation in less than 30 minutes— 
or your Crane Distributor can take 
your order now for new valves 
already fitted with the power-packed 
Converto-Gear Operator. 

For complete details contact 
your Crane Distributor or write 
Crane Co., Industrial Products 
Group, 4100 S. Kedzie Ave., Chi- 
eago 32, Ill. In Canada, Crane, 
Ltd., 1700 Beaver Hall Square, 


Montreal. 
Circle No. 40 on Readers’ Service Card 


one hand can stop river 


CRANE’S NEW CONVERTO-GEAR OPERATOR 


at the 
heart 
of home and 
industry 


CRANE 


valves 
piping * electronic controls 
plumbing and heating 
air conditioning 
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THREADED 
TYPE 


Exclusive 


The Vogt Weld Couplet is an 
easy-to-install fitting for branch 
connections from pipe, vessels or tanks. 

It replaces more-difficult-to-install 
welding bosses, couplings and the type of 
fittings requiring trimming or matching 

to fit contour of vessel or pipe. 


Vogt 


“WELD RING” 


Small Diameter Pipe Large Diameter Vessel 


Vogt Weld Couplets adapt to any pipe or vessel curvature by simply 
adjusting the height position of the couplet when welding. This char- 
acteristic means easy installation, positive positioning and alignment, 
a stronger weld without distortion, and no inside “icicles” of welding 
material. 

Couplets are available in carbon steel, conforming to A.S.T.M. specifi- 
cations. Other materials can be supplied on special order. 


Write for Folder SWC-1 to Dept. 24A-FM. 


VALVES, FITTINGS 
FLANGES & UNIONS 


See our complete 
line in Catalog F-10 


x= HENRY VOGT MACHINE CO., P. O. Box 1918, Louisville 1, Kentucky 


SALES OFFICES: Camden, N. J., Charleston, W. Va., Chicago, Cleveland, 


Fer Dallas, Los Angeles, New York, St. Louis 


to Louisville dial: 
502 ME 4-9411 
i Circle No. 132 on Readers’ Service Card 
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Wuat is rapidly becoming a ‘‘must combination"’ for design engineers gets 
under way once again on May 22, 1961, in Detroit's new Cobo Hall. The 
““combination’’ is the ASME Design Engineering Conference and concurrent 
Design Engineering Show. 

With the theme, ‘Designing for the Competitive Market,"’ the Conference, 
as usual, will be sponsored by ASME’s Machine Design Division. Altogether, 
22 major technical papers will be presented in four days of morning sessions, 
keynoted by an opening-day panel to set the Conference theme. This panel of 
four top-flight automotive executives will discuss their department roles in 
designing a superior product to meet our ever-present competition. They will 
highlight the interplay of production, purchasing, and engineering. 

In addition, the Conference's expanded technical program will feature papers 
by leading authorities in the fields of mechanical and electrical design, materials, 
systems, and manufacturing. 

Every afternoon, the show, now in its sixth year and staged in the Auto 
Capital for the first time, will present the most recent results produced by the 
nation’s leading research and development laboratories. More than 400 
companies will exhibit. 

Produced by Clapp & Poliak, Inc., of New York, displays at the exposition 
will cover seven acres and are valued at more than $10,000,000. And on hand 
to demonstrate equipment and to answer visitors’ questions will be some 4000 
experts in the exhibit booths. 

Because it covers new developments in all fields, and because the current 
economic situation has heightened the search for new products, the show should 
have unusual significance for businessmen this year. 

More than 100 companies will show new types of materials. All sorts of 
mechanical, electrical, and electronic components will be displayed, as well as 
power-transmission equipment, fasteners and adhesives, finishes and coatings, 
shapes and forms, and various kinds of engineering accessory equipment and 
services. 

To give our readers some idea of what can be expected at Cobo Hall, 
MEcHANICAL ENGINEERING has prepared this special Design Engineering 
Issue. 

In the feature section, pages 41-55, four of the Conference papers are pre- 
sented in condensed form. In addition, a special Design Conference and Show 
insert, pages 149-156, includes the exhibit floor plans, list of exhibitors, program 
in brief, and digests of the 22 technical papers to be presented at the Confer- 
ence. 

The Conference and Show are ideal partners. Both will offer new design 
ideas. It has been said that “‘until design engineering has done its work, 
purchasing has nothing to buy, production has nothing to manufacture, sales 
has nothing to sell." The basic role of design engineering is at no other time so 
fully appreciated as when competition is acute and every company’s success 
depends upon its ability to design superior products that can be sold at lowest 
possible cost. 

The ASME Conference tells you how; the Show gives you the tangible means 
of achieving the designs you want. So, remember the dates: May 22-25, 
1961; the place: Cobo Hall, Detroit, Mich.—J. J. Jaklitsch, Jr. 
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INCE the engineering profession is in a 
perpetual state of evolution, the problem of engineering 
education is never completely solved. This is doubtless 
why Professor J. H. Keenan’ and Dean M. P. O'Brien® 
insist, in MecHanicaL ENGINEERING for June, 1959, that 
engineering educators must always keep in mind what 
the engineer is and does. 

Engineering, of course, is both science and art, and 
there are both scientific engineers and artist engineers. 
The scientific engineer seems to be mainly an analyst, 
while the artist engineer is mainly a synthesist. The 
great majority of engineers probably combine science and 
art in their work, but the two types have to be sharply 
differentiated in order completely to visualize the struc- 
ture of the engineering profession. 

The advances in the engineering sciences have been so 
spectacular since World War II that they have completely 
captured the imagination of engineers and of the public. 
Many engineers have concentrated on scientific and 
engineering research and on the concept and elaboration 
of engineering systems. Their brethren who have 
translated their research results and systems into useful 
machines and structures have appeared to be a little to 
one side of the really important things in their profession. 

The scientific engineer is the hero of the moment, and 
the artist engineer has been forgotten; and so, to a 
degree, has his education. 


Science of Engineering 

A scientific engineer, or his employer or client, may 
feel that it is cumbersome to absorb the sun’s energy in 
the leaves of the trees, to bury that energy in the depths 


ae College of Engineering, University of Detroit, Detroit, 
ich. 

2 J. H. Keenan, “‘Education in Transition,’’ MECHANICAL ENGINEER- 
ING, vol. 81, June, 1959, pp. 76-78. 

3M. P. O'Brien, “The Profession of Mechanical Engineering,” 
Mecuanicar ENGINEERING, vol. 81, June, 1959, pp. 74-76. 

Presented under the auspices of the National Committee of Engincer- 
ing dy eee Heads at the Winter Annual Meeting, New York, 
N. Y., November 27-December 2, 1960, of THz AMERICAN Society OF 
MECHANICAL ENGINEERS. 
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of the earth, and painfully to expend money and labor 
after millions of years to dig it up in the form of coal or 
oil. Why not capture the sun's energy as it arrives on 
the earth's surface? So the scientific engineer may try 
to conceive solar heat or power applications. 

He will study radiation, thermodynamics, heat trans- 
fer, metallurgy, meteorology, fluid flow, and the like. 
He will experiment and compute, and he hopes to come 
up with a schematic diagram, or a system, for solar heat. 

Usually he does not like to proceed beyond the sche- 
matic-diagram stage of the business. He contends that 
development, design, tooling, production, testing, re- 
design, economic analysis, costing, selling, and servicing 
do not concern him. He expects others to perform these 
tasks. Although he does indeed serve the public in- 
directly, the scientific engineer thinks much more about 
radiation theories than he thinks about the customers 
who will ultimately purchase the solar apparatus. 


The Artist Engineer 

At the schematic-diagram stage the artist engineer 
takes over. His particular job is to produce a solar 
apparatus which will serve a purpose; it must provide a 
utility. The solar-heat device must heat a building, or 
some machine or equipment, more adequately than the 
building or machine has been heated before; or more 
conveniently, or at lower cost. Or it may do all three. 
If it does none of these it is quite futile, no matter how 
beautiful the design or how ingenious the concept. 

The artist engineer, or several of them working to- 
gether, has to assume entire responsibility for the solar 
project. He must pick up the job when the scientific 
engineer has delivered the schematic diagram and has 
washed his hands of the matter. He must guide the 
project through all of its precarious and baffling progress 
until a usable apparatus is delivered to the customer at a 
reasonable cost, and until the customer is fully satisfied. 

The artist engineer has to experiment and develop. 
He has to evolve a design for the solar apparatus that will 
function successfully, which can be produced with the 
available or procurable plant and ssehectan equipment, 


and which can be easily installed, serviced, and repaired. 
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By Clement J. Freund,' Fellow ASME, University of Detroit, Detroit, Mich. 


The engineering world needs to become oriented toward the 


artist engineer — the man who brings the dreams of the 


He must provide and adapt machines and attachments; 
he must see to tooling; he must get his components as- 
sembled and the assembly tested. Later he must sell 
the apparatus, or he must instruct and direct the engineer 
or salesman who does. He must create and maintain a 
staff to service the solar apparatus in customers’ hands. 

Throughout all this he must study solar energy and all 
the technologies which pertain to it. At frequent inter- 
vals he has to go back to the scientific engineer to find out 
if any new research data have made his design obsolete. 

Since no one artist engineer can do all of this, a number 
of artist engineers must work together, and there must 
be co-ordination and division of labor. At least one of 
them must know how to organize and administer, and 
how to solve all the many and difficult problems which 
arise the moment two or more persons try to dovetail 
their efforts. 

When Vannevar Bush spoke before the American Engi- 
neering Council on the ‘Qualities of a Profession,’’ he 
described the art of engineering as ‘ministry to the 

ople.”’ 

Whenever people discuss engineering application, it is 
apparently assumed to mean rule of thumb and the appli- 
cation of outmoded and old-fashioned scientific infor- 
mation. Talk to an engineer or an engineering educator 
about the art of engineering, and he will probably reply, 
either innocently or caustically, ‘Oh, you mean welding, 
or pattern making, or testing for carbon—that sort of 
thing.” 

It should be explained that the art of engineering in 
the present discussion means something quite different. 
The art of engineering in this discussion is the use of the 
most up-to-date scientific resources to devise machines 
and structures by the most modern methods for the use of 
the people—aministry to the people, as Bush calls it. 


Qualifications of the Artist Engineer 

The artist engineer must, of course, possess all those 
qualifications which are required of every engineer; 
they have been enumerated and described over and over. 
But what special characteristics must the artist engineer 
have in ae to succeed in his peculiar vocation? He 
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scientist to reality, the designer and producer of hardware 


must be familiar with the most modern engineering ma- 
terials, and he must know about the submolecular and 
internal science of materials. He must be strong in 
thermodynamics, radiation, heat exchange, reflection, 
fluid flow, and other technologies which pertain to his 
solar project. 

He has to be curious about research and research re- 
sults, and must keep himself informed about them. He 
must know at least enough about them to understand 
the scientific engineer when he is talking to him. He 
certainly must know how to organize and operate a test 
or an experiment. But he need not be a competent re- 
searcher. He can leave that to the scientist. 

He has to be informed about the procurement and sup- 
ply of steel, alloys, and other materials which go into his 
solar apparatus. He must know about founding, forg- 
ing, pressing, stamping, machining, welding, and as- 
sembly; and he must know about current improvements 
and developments in all these processes. He must use 
electronic, magnetic, numerical, and other devices for 
the automatic control of processes and operations, and of 
quality. 

He must have a dominant sense of practical economics; 
he must never forget that the solar apparatus must be sold 
for more than the total cost of making it; and that the 
customer must want the apparatus more than the money 
he has to pay for it. 

More important, perhaps, than all of these, he has to 
have a special kind of intuitive judgment to make de- 
cisions when he can’t get all the precise technical data 
he ought to have. And what artist engineer has ever 
had all the facts and figures he wanted? He must know 
how to extrapolate beyond his computations, and his 
research and test results. The scientific engineer needs 
that kind of judgment, too, but he only speculates in ad- 
vance of his experiments, while the artist engineer has to 
spend money out there, often lots of it, and almost always 
somebody else's. 

This is a formidable set of qualifications when they 
are set out on paper. The first impulse is to protest that 
no such engineer is actually alive or ever has been. But 
this is a composite picture of a number of men who work 
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together. Besides, one may actually meet engineers who 
very nearly, if not fully, measure up to these specifica- 
tions. These men are less caceie and dramatic in 
themselves than is the account of their qualifications. 

In spite of their competence and achievements, artist 
engineers have not succeeded in making their fellow engi- 
neers and the public appreciate them. The scientific 
engineers have done a much better job of public relations; 
or have had it done for them. They are the glamour 
corps of the profession. Newspapers, magazines, tech- 
nical journals, motion pictures, radio, and television 
have told how they have made over the face of the earth 
and have opened up amazing prospects for a better and 
even a happier world. The scientific engineer is repre- 
sented to the people as the wonder worker of the new 
era. 

On the other hand, the artist engineer is made to appear 
as a mere assistant to the scienaille engineer, his servant 
or helpmate, a sort of noncommissioned officer. The 
commanding and resourceful artist engineer who under- 
takes giant projects for power, processing, or manu- 
facturing isno longer a hero. The remust be Goethalses 
and Westinghouses in the world today but the public 
doesn’t want to know about them. Apparently many 
engineers don't, either. The scientific engineer, who is 
considered introspective and impractical, has won popu- 
lar acclaim, while the artist engineer who works with the 
people and is thought to understand them has made no 
impression at all. 


The Task of the Colleges 

A balance of dignity and status between the two types 
of engineers should be restored. Otherwise there will be 
no strong and able men to bridge the gap between the 
scientific engineer with his schematic diagram for solar 
apparatus, and the toolmaker and production foreman 
who must get the apparatus through the manufacturing 
plant. 

It is up to the colleges to educate young men for the 
artist phase of the profession as well as the science phase. 
To do so is not fashionable at the moment. It is not here 
proposed to relax the present emphasis on engineering 
sciences in the colleges, and to substitute emphasis on 
applications. The colleges must do both. They must 
Ler the scientific engineer as well as they have since 

‘orld War II, and in addition they must prepare the 
artist engineer. Most er they must give equal 
recognition and status to both. 

If the engineering faculties fail to stress engineering 
applications (art) they may eliminate themselves. It is 
not clear that engineering sciences are sufficiently distinct 
from physics and chemistry to justify separate institu- 
tions and facilities. If the colleges and universities 
neglect engineering art in these days of the appalling cost 
of higher education, trustees may decide to dismantle the 
colleges of engineering and to transfer the departments 
of engineering science to the colleges of liberal arts and 
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the graduate schools. Something like it has already 
been done in one of our major universities and is appar- 
ently proposed in others. 

How shall the colleges both enhance the prestige of the 
artist engineer and educate him for his role in the pro- 
fession and in industry? The answer to this question re- 
quires another paper, or other papers. But a few sug- 
gestions will be appropriate, lest it be said that it ts 
easier to describe a difficulty in engineering education 
than to propose solutions of the difficulty. 

For one thing, the faculties must extol the artist engi- 
neer. Administrators and teachers must make it clear 
to students that the artist engineer, the applications 
man, is in every sense the equal of the scientific engineer, 
and that the contribution of the one is as valuable as that 
of the other. More importantly, they must point out to 
the students that the artist engineer is more directly con- 
cerned than the scientific engineer with the proper func- 
tion of the profession, which is ‘ministry to the people.”’ 

The engineering educators will have to do all this 
without in the slightest belittling the scientific engineer. 
They must keep the scientific engineer up on his pedestal, 
but they must erect a pedestal of equal height for the 
artist engineer. 

The artist-engineering student must have particularly 
effective instruction in the humanistic-social phase of the 
curriculum. Perhaps a scientific engineer can carry on 
with limited human contacts, mainly with those who 
work with him and who can understand him. But the 
artist engineer must possess a vivid and sympathetic un- 
derstanding of the entire community, and of all the indi- 
viduals who comprise that community, from the noblest 
and the most intelligent down to the base and the ig- 
norant. 

The artist-engineering student has to become customer 
conscious rather than merely user conscious. The 
teacher must ask him such questions as: Can the solar 
apparatus be readily manufactured? Does anybody 
really need or want it? Will it pay to produce and to sell 
it? He may not be able to answer these questions. 
Indeed, experienced engineers oftencan't. But he should 
try; or at least he should know that the questions must 
be answered. 

The conference at the Worcester Polytechnic Institute 
last December determined that the student must be re- 

uired ‘‘to exercise a high degree of originality and in- 
of thought.’’* It might be added that his 


independent thought should be addressed to the needs of 
the people; specifically, the customer. 


To Correct an American Deficiency 

If engineering is to come fully into its own as a pro- 
fession, engineers and the public will have to take the 
artist engineer more seriously. If educators don’t 
produce more artist engineers, the nation will end up 
with a population of brilliant scientists, and libraries 
full of research reports, but nobody who can “ these 
reports touse A Detroit manufacturer makes chasses for 
satellites. He has witnessed many an American fizzle 
at Cape Canaveral. He has declared in public that, as 
far as he can make out, the satellites have not failed be- 
cause American science is deficient; they have failed 
because American engineering arts are inferior to Russian 
engineering arts. 


* “Conditions Conducive to Originality Needed to Speed Research, 
Say Authorities,"" Mecnanicat ENGINEERING, vol. 82, March, 1960, 
117. 
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The machine designer faces competition that demands the ultimate 
in creative engineering. Here, in condensed form, are four of the 
papers to be presented at this year’s Design Engineering Conference 
and Show to be held in Cobo Hall in Detroit, Mich., May 22-25, 1961. 


1. GLASS AND CERAMICS in Machine Design . J. R. Blizard 
2. WHICH DRIVE — Electric, Mechanical, or Hydraulic? 5s. G. W. Younkin 
3. PRODUCIBILITY — Designing for Production. _._.C. E. Warner and R. L. Berg 
4. ADHESIVES for the Bonding of Metals H.R. Butzlaff and K. F. Charter 
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Strength, thermal durability, 
dimensional stability, 

and abrasion resistance 
—these qualities give 

glass and ceramics 

a high potential for 

use in machine parts 


By J. R. Blizard, Mem. ASME, 
Corning Glass Works, Corning, N. Y. 


Ceramics’ poTENTIAL in mechanical and 
structural applications has been barely uncovered. 
This potential will not be realized fully until the product 
designer understands the capabilities and limitations of 
these materials. Used properly, they offer strength, 
thermal durability, dimensional stability, abrasion re- 
sistanee, and many other desirable properties. 

The mechanical characteristics differ widely from those 
of metals and are therefore often misunderstood. Brit- 
tleness, of course, is the most important distinction be- 
tween the ceramics and metals. A ceramic material 
does not plastically flow or creep before failure. It 
breaks in pure tension; never in shear and only rarely in 
compression. 

Metals, being ductile, can deform plastically to relieve 
local stress concentrations. The ceramics, on the other 
hand, are too stiff to yield and as a result are greatly 
affected by stress raisers, especially those occurring at 
the surface. A glass rod with virgin surfaces will sup- 
port a stress of 100,000 psi, but the same piece with sand- 
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blasted surfaces will hold only a tiny fraction of the 
original stress. 


Points of Design 
In designing load-bearing ceramic parts, it is well to 
bear these points in mind: 


Apply the load in compression if possible. 

Use simple shapes. Avoid sharp corners, 
changes of section, holes in tension zones. 

Keep ground or abraded surfaces out of tension unless 
they are given a fine smooth finish. 

Contact zones with metal parts should be padded with 
resilient materials if they are to be load bearing. 

Avoid point loading and stress concentrations. 


sudden 


Thermal-expansion coefficients of ceramics generally 
are much lower than for metals. It is thus important to 
allow for mismatches in ceramic-metal assemblies for 
hot service. Where clearances are tight, the metal part 
can be made thin enough so it deforms instead of over- 
stressing the ceramic. If the metal = clamps and 
compresses the ceramic, the dangers of overstressing are 
also greatly reduced. 

The thermal endurance of a ceramic part is potentially 


Table 1 Typical Properties, Bonded Ceramics 


Alumina 


Silicon 
Forsterite Carbide 


Beryllia Steatite 


85% 
Al.O; 


36% 


Property Units ALO; 


Silicon 
Silicious nitride 
96% bond bond 
BeO MgSiO:; sic sic 


Tensile strength2 Psi 
Modulus of elasticity 10¢ psi 
Hardness—Moh scale 
Max working temp F 
Thermal expansion 

coefficient 72-750 F 
Thermal conductivity 72 F 
Btu/hr sq ft F/ft 8.0 

3.40 

Per cent Nii Nil 


43,000 48,000 
32 42 


9 9 
2550 3100 


In/in/F (xX 1077) 35.0 40.0 
12.0 
Specific gravity 3.72 


Water absorption 


32,000 
46 


24.5 


1.4 8.5 
2.8 2.57 
0 to 0.02 0 to 0.02 13 


@ Measured in flexure (modulus of rupture). ° At 2500 F. 
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Fig.1 Pump 
plungers made of 
high-alumina ce- 
ramics. They are for 
abrasive liquids and 
slurries. The metal 
adapters are 
cemented to the 
alumina with an 
epoxy adhesive. 
(Courtesy Coors 
Porcelain Co.) 


Fig. 2 A ceramic 
gyroscope assembly. 
Gyroscope parts 
were molded from 
powder, rough 
finished before hand 
firing, and brought 
to size by diamond- 


wheel grinding. 
Dimensions were 
held to 0.000005 in. 
(Courtesy 
Minneapolis- 


Mi Honeywell 
Design 


high—much higher than metals. Failure is unlikely, 
within the recommended operating limits, unless the 
part is subjected to excessive thermal stresses. These 
may be steady state, as in a hot wall, or transient stresses 
resulting from sudden heating or cooling. 

All thermal stresses can be minimized in the following 
ways: 

Choose a ceramic with low thermal expansion. 

Use thin sections. 

Reduce mechanical constraint to a minimum. Let the 
part “‘float’’ if possible. 

Avoid localized hot or cold areas in the part. Expose 
the entire ceramic area to heat rather than shrouding the 
edges. 


Certain ceramics, like fused silica, 96 per cent silica 
glasses, and glass-ceramic No. 9608, have such low ex- 
pansion coefficients that they are practically immune to 
thermal shock failure. 

Designing a complex ceramic shape for service under 
mechanical or thermal stress is far from an exact science. 
The effects of surface and shape cannot always be pre- 
dicted and it is highly advisable to submit these problems 
to the materials supplier. In certain cases it may be 
necessary to test preproduction samples. 


For the Product Designer 

There are certain ceramic materials whose properties 
and availability make them of special interest to the 
ae designer. Their mechanical properties are 
isted in Table 1. 

High-alumina ceramics can be compared to the high- 
alloy steels in the metal family. They are made in 
various purities, mainly 85, 96, and 99 per cent Al,Os. 
Their mechanical properties are among the best in the 
ceramic group and, although they are relatively expen- 
sive, they are used generally when it is necessary to 
have exceptional strength, abrasion resistance, heat re- 
sistance, or chemical purity. Their mechanical applica- 
tions include metal-cutting tools, sandblast nozzles, 
pump plungers, seal rings, and ball check valves. Fig. 1 
illustrates pump plungers. 

An instrument manufacturer has developed a gyroscope 
made from an alumina ceramic for use in missile guidance 
systems. In this application, the ceramic provides high 
elastic modulus, dimensional stability, heat resistance, 
corrosion resistance, and has the ability to be finished to 
extremely fine tolerances (Fig. 2). 

Beryllia, BeO, is one of the newest ceramic materials. 
As may be expected, its cost today is much higher than 
the other ceramics, being from 3 to 7 times as expensive as 


Table 2. Typical Properties, Glassy Materials and Glass-Ceramics 


Glasses Glass—Ceramic 


Lead 
0120 


Property Units 


Fused 
silica 


Borosilicate 96% Silica (Pyroceram) 
7740 7900 


Psi 


Tensile strength? 
10° psi 


Modulus of elasticity 
Hardness—Knoop 

Max working temp 

Thermal expansion coefficient 
Thermal conductivity 72 F 
Specific gravity 

Water absorption 

Transparency or color 


In/in/F X 107 
Btu/hr sq ft F/ft 


8000 
9.6 


opaque opaque 


« Measured in flexure (modulus of rupture). 
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Fig. 3 


alumina. Besides being hard, dense, and thermally 
resistant like alumina, beryllia has surprisingly high 
thermal conductivity. At room temperature it is higher 
than aluminum metal and about 10 times higher than 
alumina. The advantage is lessened at elevated tem- 
peratures, but even at 1000 F, beryllia exceeds alumina by 
a factor of 6. 

Applications for beryllia are presently limited by cost 
and size restrictions. In most cases the piece will be 
limited to a diameter of about 4 in. and a height of 8 in. 
to 10 in. Extruded sections can be made in diameters up 
to lin. and lengths up to 24in. One of its principal uses 
is in electronic equipment where it performs the dual 
function of barring the flow of electricity while per- 
mitting the rapid dissipation of heat. 


Routine Applications 

Other ceramics, at much lower cost, can fill routine 
needs. 

The steatites, based on the composition MgSiOs, are 
the most commonly used ceramics for low-cost molded 
parts such as small appliance insulators, heater-wire 
supports, and tube sockets (Fig. 3). They can easily 
be machined in the unfired state. Tapped holes and 
threaded exteriors are feasible. 

There are many varieties of steatite and its close rela- 
tive, forsterite. Table 1 indicates the range of mechanical 
properties that can be expected. 

Alumina, beryllia, fen gov can all be metallized 
with a tightly adhering film to which metal parts can be 
soft or hard soldered. Bond strengths of 3500 psi are 
attained easily, and with special procedures it is possible 
to make bonds to alumina and beryllia that will with- 
stand loads of 12,000 psi. These latter coatings can be 
brazed at 1000 C. 

Silicon carbide is not usually thought of as a ceramic, 
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capsule to Carry an 
explosive charge 


Glass capsules of 
this type can resist 
external pressures 
beyond 30,000 psi 
without leaking at 
the cemented joint. 


orifices or valves. 
(Courtesy Corning 


Illustrating the 
great variety of complex 
shapes possible with the 
steatites, based on 

MgSiO,, the most commonly 
used ceramics. (Courtesy 
American Lava Corp.) 


Fig. 5 Right, 
The high com- 
pressive strength 
of glass allows 

a window to be 
hot-molded into 
the fitting. On 
cooling, the brass 
fitting contracts 
around the win- 
dow, reinforcing 
as well as mak- 


Fig. 4 A glass 


into an oil well. 


When destroyed, the ing a seal. 
glass pulverizes (Courtesy 
into fine particles Corning 
which will not plug Glass Works) 


Glass Works) 


but it properly belongs in the category from the stand- 
point of the design engineer. Long knownas an abrasive 
grain and refractory, silicon-carbide grain is now molded 
into complex mechanical parts and bonded either with a 
silicious material or with silicon nitride. The product 
lends itself to the manufacture of such items as nozzles, 
pump impellers, pipe fittings, wire guides, and textile- 
sizing rollers. 

Typical properties of silicon-nitride-bonded silicon car- 
bide are listed in Table 1. 

Note that thermal conductivity of silicon carbides is 
high—about the same or slightly less than for the alumi- 
nas but much higher than the steatites or glasses. 

Molten aluminum, copper, and silver do not wet sili- 
con-nitride-bonded silicon carbides and as a result they 
are used in melting and die-casting equipment. 

A new material, titanium di-boride (TiBs), with most 
interesting properties, has just been announced and it is 
being mentioned here even though it is not yet in general 
commercial use. Extremely temperature resistant, it 
can support a 35,000-psi tensile stress at 3600 F. Its 
elastic modulus is twice that of steel and its hardness is 
considerably greater than alumina. It is an excellent 
electrical conductor and has thermal conductivity about 
equal to alumina. Like silicon carbide, it is inert to 
molten aluminum and zinc. 

Titanium di-boride is molded from powder and can be 
machined before final processing. The largest pieces 
made to date are cylinders 6 in. in diam and 20 in. long 
weighing 100 Ib each, and cylinders 14 in. in diam and 
10 in. long weighing 260 lb each. 


Glass and Glass Ceramics 

Heretofore we have been discussing bonded ceramics— 
materials consisting of small particles bonded together 
to form a solid piece. The following discussion pertains 
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Fig.6 A telescope mirror blank made from fused 
silica. The parabolic shape is so accurate that 
the instrument will have resolving power of 1/10 
of a second of arc. This compares with ability 
to distinguish two golf balls 15 in. apart at a 
distance of 500 miles. (Courtesy Perkin Elmer 
Corp.) 


— 


to glasses and glass-ceramics, materials which are very 
different in structure but which keep the essential me- 
chanical characteristics of the bonded ceramics. 

Six glasses or glassy materials will be discussed—lime, 
lead, borosilicate, 96 per cent silica glasses, fused silica, 
and the glass-ceramics (or Pyroceram materials). 

Lime and lead glasses are well known for use in bottles, 
electric-light bulbs, spectacles, and tableware. Their 
properties are listed in Table 2 with those of the other 
glasses. 

Borosilicate glass is familiar through its use in baking 
dishes, laboratory glassware, boiler gage glasses, and 
glass piping for chemical plants and dairies. This glass 
is distinguished by its low thermal-expansion coefficient, 
about '/, to '/s that of most metals and '/3 that of the 
lime and lead glasses, and by its hard surface and ex- 
cellent chemical durability. 

The 96 per cent silica glasses are melted and formed as 
conventional glasses and are then converted by chemical 
leaching and heat-treatment to their final state. Known 
by the trademark Vycor, they are colorless and very 
similar to fused silica. Thermal-expansion coefficient of 
Vycor glass is so low (about '/1 that of lime glasses and 
'/, that of the borosilicates) that they are virtually im- 
mune to thermal-shock damage. Heat resistance of 
96 per cent silica glasses is much higher than for any other 
glasses, and they can be used continuously at tempera- 
tures of 1600 F, and under some conditions as high as 
2000 F. These glasses have exceptionally good ultra- 
violet and infrared transmission, and will transmit well 
through the range from 250 to 3000 mu. 

There are few limitations on the shapes and sizes that 
can be produced from 96 per cent silica glassware. It can 
be ted x in practically any form in which the conven- 


tional glasses are available. Thickness is usually 
limited to */s in. because of conversion cost, but when 
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necessary it is possible to produce l-in. slabs. Cost is 
much higher than that of the borosilicate glasses. 
Therefore it is used only for unusually severe require- 
ments in heat resistance, light transmission, or di- 
mensional stability. 

It has been noted that all the ceramics have high com- 
pressive strength. Fig. 4 shows a glass capsule that 
carries an explosive perforating charge into an oil well. 
It must resist crushing loads of over 10,000 psi before it is 
destroyed. When destroyed, the glass pulverizes into 
particles so fine that they are carried out in the oil 
stream without plugging orifices or valves. 

The high compressive strength of glass allows a win- 
dow to be hot molded into the sight glass fitting shown 
in Fig. 5. On cooling to room temperature, the brass 
fitting contracts around the window, reinforcing and 
strengthening it as well as making an excellent seal. 
This unit can be used at pressures of 1000 psi. 

Fused silica (also called fused quartz) is essentially pure 
SiO, in an amorphous, noncrystalline form. It may be 
crystal clear, like high quality glasses, or it may be 
furnished in a translucent glossy white form at a lower 
cost. 

Tubes, cylinders, rods, laboratory flasks, and ingots up 
to about 20 in. in diam are made by fusing pure quartz 
crystals or silica sand. Another process, eos on the 
synthesis of SiOz, is used to produce slabs and ingots of 
pure clear silica in sizes ranging upward to 12 in. thick 
and 60in.indiam. Fig. 6showsa telescope mirror blank 
made from this material. The ultra low expansion 
coefficient of this material makes it possible to obtain 
amazingly accurate surfaces. The solid blank has been 
finished to a true parabolic shape with such accuracy 
that the instrument will have resolving power of '/10 of a 
second of arc. This compares with ability to distinguish 
two golf balls 15 in. apart at a distance of 500 miles. 
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By G. W. Younkin,' 
Giddings & Lewis Machine Tool Company, Fond du Lac, Wis. 


Electrical, Mechanical, or 


Choosing an adjustable-speed machine drive is 
a subject of debate. There are no formulas to determine 
the right drive to use. In practice, it may be possible to 
obtain the same performance with two different types of 
machine drives with little cost difference. How, then, 
does a designer decide which drive to use? 

The answer will most likely be found by first learning 
and understanding the machine problem, which includes 
a knowledge of the required accuracy, acceleration, 
velocity, horsepower, the load moment of inertia and 
compliance, temperature range, and load variations. A 
knowledge of the technical capabilities of each type 
drive, such as the response characteristics, speed range, 
horsepower capacity, torque-speed characteristics, space 
requirements, and maintenance problems will enable the 
designer to match the drive by its capabilities to the 
machine by its requirements. There will be many cases 
where one drive is as good as another, and a decision will 
be made on economic factors; and there may be many 
instances where the decision will be made on personal 
preference. 


Four Areas of Application 
Application of a machine will determine to some extent 
which drive should be used. Four possible areas of 
machine application are: A general-use machine; a 
process-type regulated drive; a numerically controlled 
contouring drive; a numerically controlled point-to- 
point machine drive. A general-use machine can include 
any manually a machine used for metal cutting or 
forming, transferring, or other uses. In contrast, a 
1 Senior Electrical Development Engineer. 
Contributed by the Machine Design Division for 
Design Engineering Conference and Show, Detroit, 
1961, of THe American Society or Mecuanicat ENGINEERS. 
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As a machine designer 
you will have to resolve 
many close decisions. 
You'll have to analyze the 
functions of the machine 
and know the capabilities 
—and the economics— 

of available drives. 

Here are the basic factors. 


process-type drive is usually considered to be a regulated 
drive where the output, such as speed or tension, is con 
tinuously regulated to a desired reference input. Some 
examples of these are found in steel rolling mills, paper 
mills, tension regulators, and the chemical process indus- 
tries. 

Tracer control, numerical contouring, or path-con- 
trolled machines are used primarily to machine work- 
pieces with complicated shapes, such as dies. The 
point-to-point numerically controlled machine is used for 
machining parts where the cutting operations are in a 
straight line from one point to another. Such machining 
operations as boring, drilling, and straight-line milling 
are examples of point-to-point machining. It is possible 
to use path control for point-to-point machining, but it 
is difficult to get satisfactorily machined surfaces using 
point-to-point control for path control operations no 
matter how short the straight lines are. 

It should be obvious that a general-type machine appli- 
cation could use any of the three types of drives. Proc- 
ess-type machine applications will require a regulated 
drive which can best be suited to an electric or hydraulic 
drive. The tracer-type control and numerical-path con- 
trol will require independent drives for each axis and will 
usually be a feedback control system. The electric and 
hydraulic drives are best suited to this application. 
Point-to-point numerically controlled machines will also 
require a feedback control system since these drives are 
used largely for positioning. In this application, the 
electrical, mechanical, or hydraulic drive can be used. 


Mechanical Drives 

Of the three types of machine drives under discussion, 
the mechanical drive was the first used, dating back to 
the water wheel, belt, and pulley era. With the advent 
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Reference ERROR 


Fig. 1 Right, A separately exited mo- 
tor-generator drive used in a speed- 


regulating system where the controlled 
output is speed. The system becomes 
a regulator when a feedback signal is 
added with a tachometer. 


Reference ERROR 
(+) 


Exciter Generator 


Tachometer 


Fig. 2 Above, Some drives are used for 
positioning (a type 1 servomechanism), 
and may include a speed regulator as 
shown. The transducer integrates velocity 
and provides a feedback voltage propor- 
tional to position. 


Fig.4 Above, in hydraulic systems, speed 
regulation is often controlled by a varia- 
tion in pump delivery. In general, speed 


Fig. 3 Right, For hydraulic systems, there are 
a number of methods of controlling speed. One control 
is the throttling circuit shown here. Among 
others, there are bypass circuits, multiple 
pumps, and motor-displacement variation. 


Input 


of electrical drives, and later the hydraulic drives, the 
mechanical drive has not become outmoded. A large 

roportion of the machine drives in use are mechanical. 

he alternating-current motor may be the prime mover, 
but the speed changing is mechanical. Efficiency of 
snathaniedl dabeas is on the order of 90 per cent. Choice 
of a mechanical drive depends on the load factors of 
power, speed, and torque required. 

It is possible to use a single mechanical drive for all axes, 
defined as a dependent drive, with the “‘time-sharing’”* 
control technique, to get performance approaching that 
of two independent drives at the cost of a single drive. 
An important point to remember is that a path-controlled 

*G. W. Younkin, “Dual-Purpose Synchronizing and Dependent- 
Drive Time-Sharing for Point-to-Point Numerical Control,’ AIEE 
Paper DP 60-647, January, 1960. 


25 hp and up. 


Amplifier 


Feedback 


system also can be used for point-to-point operation. 
The future trend of numerical control may combine path 
control and point-to-point control which will require 
independent feedback-controlled drive systems. The 
application requirement of a regulated drive is therefore 
somewhat limited to the electric and hydraulic drives. 
The mechanical drive is widely used as a constant-horse- 
= stepped-speed application in machine-tool spindle 
rives. 


Hydraulic Versus Electric 

Hydraulic drives have some definite performance ad- 
vantages over the electric drive, but the hydraulic drive 
also has disadvantages which overshadow some of its 
advantages. Torque-to-inertia ratios of hydraulic drives 
are much greater than with electric drives; hence the 


Table 1 Comparison of Adjustable-Speed Electric Motors and Drives 


D-c Motors 


D-c Generator and 


A-c Motors D-c Motor Combination 


8/1 by control of armature voltage 
through constant torque range up 
to base speed. 

6/1 by control of field current in con- 
stant-hp range above base speed. 

48/1 by armature and field control. 

Series up to 200 hp; shunt up to 50 hp; 
compound any size. 


sistance. 
Horsepower 


Single phase motors 4/1. 

Polyphase motors: 

Squirrel cage—up to 4/1 by re- 
connecting windings. 

Wound rotor—2/1 by varying rotor re- 


Single phase—fractional to approxi- 
mately 5 hp. 
Polyphase—not limited. 


60/1 by control of separately excited 
generator field resistance. 

240/1 by electronic amplifer exciter for 
generator. 

100/1 by magnetic amplifier exciter for 
generator. 

Not limited. 


Complete Drive Cost 


by pump variation (instead of 
throttling) is used in power sizes 


Cost 


1- 5Hp 
5- 10 Hp 
10- 20 Hp 
20- 50 Hp 
50-100 Hp 
100-200 Hp 


$ 400-$ 1000 
$1000-$ 1500 
$1500-$ 2500 
$2500-$ 4500 
$4500-$ 6500 
$6000-$10000 


Single Phase 


Polyphase 
wound rotor 


Electronic Static 


Rotating 
amplifier amplifier 


amplifier 


$200-$ 500 
$500-$1000 


$ 400-$1000 
$1000-$2000 
$1500-$3000 
$2000-$4000 
$3000-$6000 
$6000-$9000 


$ 1500-$ 2000 $ 2000-$ 3500 $ 1000-$ 3000 
$ 2000-$ 3000 $ 3500-$ 5000 

$ 3000-$ 6000 $ 5000-$ 7500 

$ 6000-$13000 $ 7500-$12000 

$13000-$19000 $12000-$19000 

$19000-$35000 
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Fig. 5 Below, Pump and 


electrical, Mechanical, or Hydraulic? 


Fig. 7 Below, Output char- 
acteristics of a _ variable- 
displacement pump and 
variable-displacement motor 
combination. Outstanding 


motor circuits can be of the 
fixed- displacement type or 
the variable - displacement 
type. Here is the variable- 
delivery pump and fixed- 
displacement motor, for 
machine-tool feed drives. 


Torque 


capability of the hydraulic 
drive is its ability to give 
high torque and fast re- 
sponse. 


machine tools 


response of hydraulic systems is much faster. Output 
torque of an electric drive is linearly related to the control 
input, while the slightest opening of the hydraulic valve 
has immediate results in almost maximum torque. The 
output of an electric motor is limited by the saturation 
flux density of the iron which limits the torque that 
could be developed, where hydraulic systems can deliver 
much higher torques at higher pressures. 

With machines having two or more axes, the number of 
separate motors and generators required can be an eco- 
nomic limitation, where only one hydraulic pump is re- 
quired with a throttling-valve control system. Hy- 
draulic systems can have problems of oil compressibility, 
and heat can change oil viscosity, changing performance 
characteristics. 

High-pressure hydraulic systems require less _ for 
equivalent-horsepower-rating electric motors, but the 
piping problem with hydraulics can result in leakage and 


Table 2 Advantages Over Disadvantages of Hydraulic Control 
by Servo Valve Throttling the Motor, and Servo-Valve Control 
by Pump-Flow Variation 


Advantages Disadvantages 


Control by 
pump flow 
variation 


Constant gain. 

High efficiency. 
Capable of very high 
horsepower output. 


Usually takes more 
space than a throttling 
motor flow arrangement. 
Frequency response 
usually not as great as 
a throttling motor flow 
arrangement. 

One pump is required 
for each hydraulic drive. 


Output Speed 


Fig. 6 Above, Output character- 
istics resulting from a fixed-dis- 
placement pump and a variable 
displacement motor, providing 
constant horsepower and variable 
torque for spindle speed drives on 


Control by 
throttling 
motor flow 


Lower cost. 
High-frequency 
response. 

Compact over-all drive 
package. 

A single constant pres- 
sure oil pump can sup- 
ply several drives on the 
same machine. 


Gain varies with load. 
Maximum _ theoretical 
efficiency 66%. 

Usually limited to below 
25 hp. 


1961 


lower efficiency if many bends are encountered in the 
piping; and with the possible lower efficiency, a higher 
hydraulic horsepower rating may be required. The hy- 
draulic motor may be smaller in size and have a higher 
torque-to-inertia ratio, but it is easier to pull wires for 
an electric motor than to run piping with all the possible 
leakage and lower-efficiency problems. The higher 
hydraulic pressures used to keep space requirements down 
will also reduce the anad rating of the hydraulic 
system. 

Hydraulics have advantages for clamps and indexing 
tables since applied force can be varied by adjusting a 
relief valve. Fluid contamination can be a problem with 
hydraulic systems if proper preventive maintenance of 
oil filters is not snied ol, In general, hydraulic drives 
are suited to machine applications requiring fast ac- 
celeration or deceleration and rapid reversals usual in a 
linear motion. 


Relative Costs 

For horsepower ratings up to 5 hp, the electric drive 
will probably cost less than the hydraulic drive, and 
from 5 hp to 25 hp the relative costs will be about the 
same. Above 25 hp, the hydraulic drive will have a 
lower initial cost. In any relative cost comparison, the 
prime mover must be included, as with the oil pump in 
the hydraulic drive and the electric drive motor in the 
mechanical drive. 
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By C. E. Warner’ and R. L. Berg,” 
General Electric Company, Schenectady, N. Y. 


Tue Goat of a producibility effort is to in- 
troduce manufacturing-process knowledge early in the 
product-design cycle so that the product can be produced 
at the optimum manufacturing cost. 

We have always had a cost objective. What is new is 
the fact that competition is keener than it has ever been— 
both domestic and foreign—and the pace of major prod- 
uct change is faster than in the past decades. With this 
and change, it has become neces- 
sary for us to put the product in the market place at an 
“‘optimum”’ cost at its introduction. We just do not 
have the time to conduct the usual cost-reduction activi- 
ties during the product's life. Business will continue to 
go to those that develop the techniques which allow them 
to provide products that are ‘‘right the first time’’ from 
acost standpoint. To state this another way, we should 
say that the products will have to be producible at their 
introduction. 

In Fig. 1, neat packages of responsibility are in- 
dicated. However, the fallacy in this approach is that 
it provides practically no opportunity for overlap be- 
tween functions. Since all the aspects of product — 
and development are interrelated, isolated decisions by 
any single function will have a tremendous influence 
on the work of succeeding functions. In fact, early 
decisions actually limit, and indeed predetermine, the 
contributions which later functions can make. So 
while we may have achieved a so-called integrated 


1 Manager—Advanced Manufacturing Engineering Service. 

2 Consultant—Producibility Engineering. 

Contributed by the Machine Design Division for presentation at the 
Design Engineering Conference and Show, Detroit, Mich., May 22-25, 
1961, of Tue American Society or MecHanicat Condensed 
from Paper No. 61—MD-1. 
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product design, there remains the question, *‘Have we 
achieved integrated product cost?’ The answer would 
be, ‘Probably not.’’ Having recognized this, the next 
question might be, ‘‘How can we make our product more 
producible?”’ 


Inadequate Measures 

A common interpretation of how a product can be 
made more producible consists of a detailed review of the 
product drawing before release to the factory. However, 
aside from merely adding another step to the traditional 
development cycle, there are at least three weaknesses in 
this arrangement: Since product design has been carried 
to the point where the significant cost has been estab- 
lished, only minor changes can be effected; there is not 
sufficient time left to make any major changes; and 
once any part of product design has been settled upon, 
there is an obvious natural resistance to additional 
changes. 

Such programs are traditionally hit or miss, and 
lacking in continuity. The decisions made are of neces- 
sity short range, and emphasize the individual product's 
cost at the possible expense of the over-all business 
objectives. 

The decisions made by Marketing and Engineering 
during the product-development cycle will finally be 
translated into actual manufacturing costs. Manufac- 
turing can and does affect the manufacturing costs by 
doing the best job we can with the processes that are 
dictated by the design. However, the major part of the 
manufacturing cost has been predetermined early in the 
development cycle. Therefore the design of the product 
and the selection of manufacturing processes must be 
integrated on a parallel basis. 
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Fig. 1 The tradition- 
al product-design cy- 
cle which supposedly 
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integrates product de- 
sign. But does it inte- 
grate product cost? 
Can you make the 


product more produ- 
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A Producibility Program 

Fig. 2 illustrates how the work of the producibility 
program can be segregated into two phases: Process 
selection and process-detail selection. 

The process-selection phase starts at the beginning of 
the product-development cycle and extends to the detail- 
design stage. It is at this point that the basic process 
is selected—for example, should a part be forged, fabri- 
cated, cast, or drawn? 

The process-detail selection phase starts in the de- 
tailed-design stage of the product-development cycle 
and pein to the actual manufacture of the product. 
In this phase, consideration is given to getting the most 
out of the process selected—for example, minimizing the 
draft and gating problems in casting as well as tooling 
reference points, stock allowances for machining, and 
— tolerances and finishes. 

n the area of process selection we can effect potential 
cost savings of dollars, while in the work area of process- 
detail selection we save pennies. We do not suggest 
that nothing be done in the ‘‘penny”’ area, but rather, 
that this is an indication of the level of effort which 
should be placed in each area. 

There are three basic steps in a producibility program 
that Manufacturing must first consider and then follow 
up with action: 


1 The searching out of manufacturing information. 

2 The review, organization, and documentation of 
this information. 

3 Assistance to engineering in the application of this 
information to the product design they are de- 
veloping. 


The Search 
First, the searching out of manufacturing information. 
Engineering is vitally concerned with several kinds of 
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manufacturing information inputs at each stage of prod- 
uct design. These inputs are: 


a Data on shop capabilities—i.e., what can we do 
with ‘‘in-plant’’ equipment? 

6 New manufacturing processes—i.e., what can we 
do with equipment we can obtain? 
Spontaneous ideas that lead to improved processes, 
as well as product designs. 


So the first searching operation should be to uncover 
and document data on our shop's capabilities. You 
may say, ‘Surely you have people who know the shop 
inside and out.’’ True, they do know it, but only in 
relation to specific parts. A fresh and thorough docu- 
mentation of shop capabilities is essential. Then there 
remains the problem of determining what direction we 
are going in regard to new manufacturing technology. 
Manufacturing technology is dynamic. 

Every process has a characteristic volume level at 
which it is best applied. Information on these volume 
levels should be available to the engineering organization 
so that they are not inadvertently designing parts to suit 
a process that is best used at 10,000 parts when the 
anticipated volume is actually only 1000. 

This kind of documentation will often reveal existing 
weaknesses in in-plant processes and point out the 
need for up-dating particular processes. ‘‘You cannot 
design tomorrow's products with yesterday's processes." 


Finding New Processes 

It is important to recognize that there are two kinds of 

search: Directed search and random search. 

1] In directed search, activities are aimed toward 
finding the solution to a specific problem. We 
usually focus on other industries which produce 
products or parts similar to ours. 
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Fig. 3 When it was 
found that the serpen- 
tine tube could better 
be held by wire (replac- 
ing a sheet-metal part), 
a visit to a wire-fence 
manufacturer revealed a 
process for economical 


Fig. 2 The two phases of producibility work. 
Process selection starts at the beginning: Should 
a part be forged, cast, drawn? Then comes detail 
— improving the part for the process. 


ENGINEERING 
ASPECTS 


Process, Equipment & 
Methods Design 


PRODUCIBILITY 


PROCESS SELECTION 
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2 Random search is a search of businesses and manu- 
facturing-technology areas completely unfamiliar 
to us. Random search can produce major changes 
in the processing of parts. 


Here are two examples of what we mean by ‘“‘search”’ 
and what types of information can be found: 

Consider the turbine blade shown in the sketch at the 
beginning of this article, a part important to many 
products built by our company. A random search was 
made for other items that might bear some resemblance 
to the blade, and to determine if they were made by 
any unusual process. This random search turned up a 
common household item—a table knife—and the sub- 
sequent development and utilization of a rolling process 
to form our part. 

Another part had been traditionally made by spot 
welding a por cen tube to a formed sheet-metal part. 
The same effective surface area could be obtained by 
replacing the sheet-metal part with a large number of 
welded wires and would result in substantial weight 
savings. A search was instituted to find products - 
had similar problems. This brought about a visit to a 
welded-fence manufacturer and the subsequent adoption 
of this fence processing system to our part. (Fig. 3.) 


A Review Team 

The output of the “‘search"’ activity is our next con- 
cern. This is where we must consider Point 2 of the 
over-all producibility program: Review, organization, 
and documentation. We recommend the setting up of a 
marketing-engineering-manufacturing review team to 
evaluate the new process information, data, and ideas 
coming out of the search activity, or from anywhere 
in the organization. This team is made up of people 
who can take immediate action on proposals showing 
good potential. 
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production 


When the volume of new information warrants, the 
review team is called together. The ideas are presented, 
explored, and earmarked for potential applications. 

The review team serves three important purposes: 

1 It makes key people aware of “‘new’’ information 

so that specific action can be taken. 

2 It monitors the search activity to assure those 

responsible that worth-while output is being 
enerated, 

t forms a recognized, receptive input point for all 
new manufacturing innovations, no matter what 
the source. 

The ideas and new data reviewed by the review team 
must be properly organized and documented. This re- 
sults in the addition of data to the previously men- 
tioned reference source on the in-plant capability. 

The producibility specialists develop into a manu- 
facturing-technology resource for engineering and 
marketing. Through direct assistance, they bring 
process know-how to bear on the proposed product 
designs. 


NEW METHOD 


Getting Together 

The exchange of design proposals and counterpro- 
posals then begins between marketing, engineering, and 
manufacturing. As design alternatives emerge from 
the marketing-engineering-manufacturing producibility 
effort, a complete analysis—highlighting cost—is re- 
quired. Here the abilities of a great many specialists in 
manufacturing are directed to this job by € produci- 
bility people. This sequence of proposal, counter- 
proposal, and analysis continues until the producibility 
criteria are met. 

It is not a question of whether we can afford to support 
such an activity—it is a question of whether we can 
afford not to have it. 
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By H. R. Butzlaff and K. F. Charter, 
A. O. Smith Corporation, Milwaukee, Wis. 


L 


Fig. 1 The lap 
joint. This type 
is easy to make, 
and is commonly 
used since ad- 
hesive bonds 
exhibit high 
strength in shear. 


Sooner or later you'll design parts for adhesive bonding. Here are the factors that enter 


Interest in the possibilities of synthetic 
resin and rubber adhesives for the bonding of metals was 
awakened in this country by the development of *‘Cycle- 
weld’’ in 1942. During the war, aircraft subassemblies 
such as wing flaps, stabilizers, heating ducts, bomber 
floors, etc., were manufactured. A few years earlier, the 
“Redux” process developed by Aero Research Ltd. in 
England was announced. The DeHaviland Aircraft 
Company, Ltd., first used Redux in their Hornet and 
Mosquito aircraft during World War II. 

Progress in metal-to-metal adhesive bonding has pro- 
gressed rapidly in the aircraft industry since the last war. 
The B-58 ‘Hustler,’ for example, uses a great amount of 
bonded construction. In automobiles, adhesives are 
used extensively in brake linings. The use of adhesives 
can well be expected to expand into other metal bonding 
applications in the future. 


Why Use a Bonded Joint? 

1 In adhesive bonds the load is more equally distrib- 
uted than in other type joints. Smoother contours are 
produced; gaps and voids are minimized. This mini- 
mizes stress concentrations, which in turn may produce 
better a properties and may allow a reduction in 
metal thickness. 

2 Adhesives are elastic enough to absorb stresses 
created by flexing and differences in coefficients of expaa- 
sion. 

3 Adhesives can join dissimilar metals and materials, 
and in some cases are the only method of joining. 

Contributed by the Machine Design Division for presentation at the 
Design Engineering Conference and Show, Detroit, Mich., May 22-25, 


1961, of THz American Society or Mecuanicat ENGingERS. Condensed 
from Paper No. 61—MD-14. 
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4 Bonded joints dampen vibrations. 

5 Cost savings can sometimes be effected by eliminat- 
ing fastener costs, reducing metal forming and machining 
operations. 

6 Large areas can be bonded in a relatively short 
time. 

7 Ageneral reduction in weight can be accomplished; 
i.e., reduced metal thickness and elimination of fasteners. 

8 Theadhesive bond can provide electrical insulation 
and thus minimize galvanic corrosion. 

9 Does notembrittle aluminum or magnesium or tend 
to warp steel as welding may do. 

10 Eliminates the need for high temperatures as used 
in welding. 

11 Leaves good surfaces for organic coatings. 

12 Adhesives provide a sealing action in addition to 
bonding. 

13 Give easier alignment of joined parts where 
alignment is critical. 


Reasons Why Not 

1 Heat and pressure may be needed to cure the 
adhesive and this may make it less feasible than another 
method of joining. 

2 Jigs and fixtures for applying the heat and pressure 
may be expensive. 

3 Application of some adhesives is susceptible to high 
humidity and/or low temperatures. 

4 There is not too much background in durability 
and permanence tests. 

5 It is a basic fact that organic compounds are not as 
stable as metals at elevated temperatures. 

6 Strong and reliable bonds can only be effected if the 
surfaces to be bonded are clean. 
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ADHERANDS 


Fig. 3 The bending of adherends due to eccentric 
loading. The tearing or peeling stresses are concentrated 
at the ends of the overlap. 


Fig. 2 Differential 
strain in a lap joint. 
Stress in the upper 
adherend will be high- 
est at b, zero at c. 


In the lower, highest 
C ate, zero at b. 


[ 


Metals 


into the decision to use adhesives, the strengths and limitations of these bonding materials. 


7 Stronger and more reliable bonds can be effected if 
the parts to be bonded are closely mated. 
8 The time required to form a bond may add unrea- 
sonable cost to a product. 
9 Inspection and nondestructive testing are difficult. 
10 Other methods of joining may be stronger. 


Adhesive Joint Design 
Parts to be bonded with adhesives must be designed 
tig to obtain the maximum strength properties. 

actors dictating the joint design are dependent upon the 
direction and magnitude of the load and whether the 
stress will be applied continuously, short term, or inter- 
mittently. 

Stress Distribution in Lap Joints. Most adhesives used for 
structural metal-to-metal bonding are relatively rigid but 
have some elastomeric properties. They are strongest in 
direct shear or tension and weakest in peel and cleavage. 
A large portion of the engineering data on metal-to-metal 
bonds have been obtained as shear strengths with plain 
lap joints (Fig. 1). This type of joint is easy to make 
and is quite common in manufactured items using adhe- 
sives since adhesive bonds exhibit high strengths when 
stressed in shear. Stress concentrations are produced in 
the bonded joint just as they would be in an unfilleted 
weld or braze. 

Two causes are mainly responsible for these stress 
concentrations: Differential strain of the joined mem- 
bers, and bending of the joined members. 

Referring to Fig. 2,' each member bears the full load P 
just before the joint and transmits it gradually to the 
other through the adhesive. Thus the stress of the 


1A bibliography covering all references to the work of others 
appears in the original paper. 
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upper adherend will be highest at 6 and will gradually 
diminish until at ¢ it is zero. However, in the lower 
member the stress will be greatest at ¢ and diminish to 
zero atb. When the members obey the laws of elasticity. 
these members will develop strains proportional to the 
stresses. This results in higher stresses in the adhesive 
at each end of the overlap. 

The members of the lap joint are necessarily offset by 
the amount of their thickness. This eccentric loading 
gives rise to a bending moment which will tend to ~ 
the members apart. Under this moment the members 
will yield if the applied load is great enough. This is 
shown in Fig. 3. The tearing or peeling stresses are 
concentrated at the ends of the overlap, and, combined 
with the effects of differential straining, they considera- 
bly reduce the strength of lap joints. 

The high proportion of the failure load carried in the 
edges of lap joints is illustrated by the fact that an 
adhesive showing an apparent bond strength of 3000 psi 
with a one-inch overlap will fail at about 2500 lb when 
the edges of the lap are bonded with a '/«-in-wide band 
of adhesive on each edge. The center half of the lap 
thus contributes only about '/¢ of the total strength. 
This indicates also that the apparent bond strength is 
not proportional to the length of overlap. 

The strength of a lap joint also depends on the thick- 
ness of metal and the yield strength of the metal. The 
thickness of the metal and the overlap length have been 
combined into the term ‘‘joint factor’’ and related to 
failing stress. 

The Glenn L. Martin Co., working with aluminum 
alloys, has determined that the optimum overlap length 
is approximately twenty-five times the metal thickness 
for the particular adhesive they were using, a phenol 
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practical 


Beveled lop 
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4 Very good— usually 
practical 


= / if Good — practico! 


Joggie lap 


Recessed double strap 


Very good — difficult 
production 


Beveled doubie strap 


S Foir— sometimes 


Fig.4 A variety of 
joint designs. The 


Strap desirable 


Half lap 


< Good — requires 
machining scarf and the beveled 
lap reduce the con- 


centration of stresses 


£ Good— sometimes 


 Good— difficult to at the ends of the 


desirable 


balance load overlap—but they 


formaldehyde-viny! butyral tape. The strength of a lap 
shear joint is directly proportional to the width of the 
joint. The width and overlap factors have been verified 
in our laboratory. 

Other Type Joints. A variety of joint designs have been 
rey and are illustrated in Fig. 4. The scarf and the 

eveled lap are the most efficient because they reduce 
the concentration of stresses at the ends of the overlap. 
In production, the beveled and scarf joints would be 
expensive and are therefore not generally recommended. 

Effect of Peel and Cleavage Stresses. Peel stresses must be 
kept to a minimum for properly designed adhesive bonded 
joints. Fig. 5 illustrates some of the steps. 

As mentioned previously, it is most desirable to bond 
the parts so that the adhesive is stressed in shear. In 
heavy sections, a bond that is placed in pure tension 
should be satisfactory. However, cleavage stresses 
usually result which reduce the strength of the joint. 
Fig. 6 illustrates methods of minimizing cleavage. 

The Effect of Temperature on Shear Strength. The thermoset- 
ting phenolic-synthetic rubber adhesives tend to show 
stronger bonds at high temperatures than do other adhe- 
sives. The work toward better high-temperature 
adhesives is receiving attention largely ecu of the 
demands of the aircraft and missile industry. More re- 
cently epoxy phenolics, high functionality epoxies, and 
silanes have been considered. Forest Products Labora- 
tory has been studying the effects of temperatures from 
—100 F to +1000 F on the strength properties of seven 
commercial metal bonding adhesives. Lap shear, long- 
time load, peel, and fatigue tests are involved. Tensile 
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Double iap 


are expensive. 


shear strengths of 2300 psi at 350 F and over 1100 psi 
at 500 F have been reported. 


Strength Properties 

The improvement of bonded structures over riveted 
structures in fatigue in aircraft is a major advantage of 
bonded joints. On a fatigue test of a helicopter-blade 
skin with adhesive-bonded stringers and local rivet 
reinforcings for attaching the skin to the rib structure, 
failure took place by a crack developing at a riveted joint 
after 150 million cycles of reversed stress. The adhesive 
bond had not failed. C. J. Moss has described other 
fatigue tests made by the Bristol Aeroplane Co., Ltd., in 
which Redux-bonded panels were in perfect condition 
after six times as many reversals as caused cracking in 
riveted panels. 

Another example is in a test panel for the B-36’s made 
by Consolidated Vultee. The number of cycles to failure 
for three methods of attachment are as follows: Spot 
welding, 12 X 10° cycles; riveting, 18 X 10° cycles; 
adhesive bonding, 27 X 10’ cycles. The failures of the 
spot-welded and riveted sections were due to stress con- 
centrations developing at the weld or rivet holes. 

It has been mentioned that structural adhesive joints 
should be designed to minimize the effect of peel and 
cleavage. Peel tests are usually conducted with one 
flexible member bonded to a rigid member and are tested 
by peeling the flexible member at an angle of 90 deg or 
180 deg. Recently, ASTM has prepared a new test 
method for peel, based on a climbing drum. For struc- 
tural adhesives the peel strengths are in the range of 
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Fig. 5 Illustrating some of the steps that can be 


taken to minimize peel stresses 


10-25 lb per in. of bond width. The high-modulus, 
rigid adhesives, such as unmodified epoxies and phenol- 
ics, have lower peel strengths than do lower modulus 
adhesives such as rubber-modified phenolics. Peel 
strengths increase as the bond thickness increases. One 
opinion is that the peel test is preferred to lap-shear 
tests as a production control test because it is much more 
sensitive to changes in adhesive, surface preparation, etc. 

Adhesive bond strengths when tested in pure tension 
are usually considerably stronger than when tested in 
tensile-shear. The introduction of cleavage, however, 
can greatly influence the apparent tensile strengths. An 
adhesive that will demonstrate a tensile strength of 6000 
psi with one type of tensile specimen will fail at about 
2700 psi with another type of tensile specimen in which 
cleavage is apparently introduced. 

Wittman has conducted tests relating tensile-shear 
strength at room temperature to the rate of loading of the 
specimens. His results indicate that for the more rigid 
adhesives, phenolic-viny] butyral and epoxy, the tensile- 
shear strength remains fairly constant as the rates of 
loading increases. The shear strength of the less rigid 
adhesives, phenolic-synthetic rubber, increase markedly 
as the Sania rate increases. A round-robin test pro- 
gram conducted by ASTM Committee D-14 on Adhesives 
found that steel and aluminum tensile-shear specimens 
showed very little change in strength when tested at 
rates of stress from 600 to 2000 psi per minute. It was 
also shown that it is not possible to express one rate of 
stress as being equivalent to a rate of strain for adhesives 
of different elastic modulus. 


MECHANICAL ENGINEERING 


Fig. 6 A bond placed in 
pure tension should be 
satisfactory. But cleavage 
stresses usually result. Here 
are methods of minimizing 
cleavage. 


Durability and Permanence 

The bond strength determined shortly after a bond has 
been formed is not an indication as to what the strength 
will be after aging or exposure to various environ- 
ments. 

There is not much information available on the per- 
manence of metal-to-metal bonds, but there is an abun- 
dance of data on the wood-to-wood bonds. Most of the 
metal-to-metal data pertain to aluminum. Data on 
steel-to-steel bonds are very meager. 

Metal-to-Metal Bonds. Forest Products Laboratory started 
outdoor weathering tests in 1953 in six locations from 
Alaska to Panama. Some adhesives have shown good 
performance after three years’ exposure in Florida and the 
Canal Zone, while other adhesives deteriorate. Exposure 
in Madison, Wis., New Mexico, and Fairbanks, Alaska, 
was generally less severe than the Florida and Canal 
Zone exposures. Forest Products Laboratory is con- 
tinuing this work. Painted steel-to-steel bonded speci- 
mens have been exposed on our factory roof in Milwaukee 
for over a period of five years with very little change 
in strength. In some cases an increase in strength was 
found. 

Military Specification Mil-A-5090B requires adhesive 
bonds to withstand salt-spray exposure and immersion 
in water, ethylene glycol, anti-icing fluids, oils, and vari- 
ous fuels. In general, many adhesives meet these re- 
Seer. Unpublished work in our laboratory has 
shown that 72 hours in boiling water provides a good 
accelerated test for comparing adhesives for water 
resistance. 
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loader.”’ 


Automatic and semiautomatic handling of 
passenger tires to and away from Bag-O-Matic tire-curing 
presses is a relatively new development. The possibility 
of automation was realized when the original diaphragm 
or Bag-O-Matic type of curing equipment was installed 
in the tire industry. Not until it was proved that auto- 
mation in itself was not only laborsaving, but that from 
15 to 25 per cent more production could be obtained from 
the curing presses, were sizable installations made to give 
it a trial. Since the first installation three years ago, 
consisting of 80 twin Bag-O-Matic units in one plant, 
many others have been made. There are now 32 separate 
installations of semiautomatic or completely automatic 
operations in North America. 

In manual operation, all presses in a line had to open in 
sequence so that the operator could advance from one 
press to the next. In the semiautomatic or fully auto- 
matic press, since the uncured tires are always waiting 


1 Vice-President and Director of Engineering. 

Contributed by the Rubber and Plastics Division and presented 
at the Rubber and Plastics Conference, Erie, Pa., October 9-12, 1960, 
of Tae American Society or Mecuanicat EnGineers. Condensed 
from Paper No. 60—RP-7 originally entitled “‘Automated Tire Curing 
Room.” 
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> Fig.2 The operator 
can also place two uncured 
tires in front of each mold 
position on the ‘‘pan 

He does not have 
to return to the press at 
the end of each cure and 
can therefore service 
the units in sequence. 


<4 Fig.1 The ‘‘vertical chuck loader” with which the 
40-in. twin Bag-O-Matic press is equipped is capable 
of keeping two tires in reserve for each mold 
position. An operator is required for placing 
uncured tires on the chuck table. 


The automatic and semiautomatic handling of tires in the Bag-0-Matic 


LOADING TIRE- 


to be loaded into the press when a cure has been com- 
pleted, it is possible i each press to be set for the 
allowable minimum cure for the particular tires being 
cured. This becomes even more important with the 
shorter cures that are becoming increasingly popular. 


Principal Advantages of Automatic Handling 

Among the main advantages of the automatic loading 
and unloading curing presses are: 

1 No allowance has to be made for the possibility 
of molds cooling between cures. With manual opera- 
tion, the presses are often left in the open position wait- 
ing for an operator, causing a temperature drop. With 
automation, the press is open the same time between each 
cure, therefore no variable or appreciable temperature 
drop is realized. 

2 The automatic press eliminates many of the varia- 
bles which are present on a manually loaded press. The 
automatic shaping becomes much more consistent be- 
cause the temperature of the diaphragm and piping re- 
mains constant. 

3 Apparently longer diaphragm life can be expected 
on an automatic press because it is held in the collapsed 
position for a minimum amount of time. 
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Fig. 3 Semiautomatic loading is 
provided by the ‘‘front loader’’ which 
arches over the aisleway in front of the 
presses. Manually loaded tires are 
carried in buckets up an incline 

and advanced onto the loading 
chucks as the press requires them. 


> Fig.4 The rear loader, also 
semiautomatic, requires less floor space 
and allows more room for tires in storage 
ahead of the loading conveyer. 

Adequate ventilation must be provided 
since the uncured tires are stored 
immediately over the hot press. 


By L. E. Soderquist,' Mem. ASME 


The McNeil Machine & Engineering Company, Akron, Ohio 


Curing process—plus automatic inflation as the tire leaves the press 


CURING MACHINE 


4 Since all presses are operated independently it is 
not necessary to redistribute molds in a press room so 
that the longer cures can be in one row and the shorter 
cures in another row. 

Because individual operation is possible in automatic 
presses, one company operates 64 automatic 40-in. pas- 
senger-Car-tire presses on an average 14'/.-min cure 
which delivers 192 tires per day for each twin press. It 
has been found from experience that presses can be 
operated semiautomatically, taking advantage of the in- 
dependent operation of the press as long as there are two 
uncured tires ahead of each mold position. 


Steps Toward Automation 

The first step toward automation in the curing room 
was the ejection of the tire to the rear of the press onto a 
belt conveyer immediately after the diaphragm had been 
extracted. Even in cases where automatic loading has 
not been applied to presses, automatic unloading has al- 
most become an accepted standard. Where 45 per cent of 
all Bag-O-Matic in North American was delivered with 
automatic unloading in 1956, over 95 per cent of these 
presses were furnished with automatic unloading in 
1960. 
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The basic means of placing uncured tires into a press 
is with the use of a chuck equipped with expanding and 
retractable = which grab the tire and, place it into 
the press. Various methods can be used to place the un- 
cured tires onto these chucks. Presently automatic load- 
ing is being furnished on about 80 per cent of the presses 
being built. 

No one standard technique of handling has been ac- 
cepted throughout the industry. Various factors have 
brought about three distinct types of installations. The 
equipment carrying the tires to the press and away from 
the press has been designed pho these three types, 
while the function of the press itself remains pretty much 
standard. 

Type 1 Loader. Two different types of loading conveyers 
are capable of keeping in reserve two tires per mold 

osition. One of these is known as the ‘‘vertical chuck 
oader,’’ Fig. 1, and the other as the ‘‘pan loader,”’ Fig. 2. 

An operator is required for the placing of uncured tires 
either on the chuck table or in the pan in front of the 
press. Since he can place two uncured tires in front of 
each mold position, he does not have to return to the 
press at the end of each cure and therefore can service the 
units in sequence, placing one or two tires as required. 
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LOADING A TIRE - 
CURING MACHINE 


This type of installation is the simplest of the three to be 
discussed and, as far as increasing production is concerned, 
will give the same increase as the fully automatic equip- 
ment. These loaders are normally recommended where 
the ticket is small on many sizes or what is known in 
the tire industry as ‘‘cat-and-dog"’ production. Naturally, 
in an installation of this type, a suitable conveyer sys- 
tem must be installed which will carry the various size 
tires to the region of the presses so the operator will have 
a stockpile of uncured tires on racks, trucks, or other 
suitable means, ahead of each press. Without this stock- 
pile, he cannot keep the presses supplied for their maxi- 
mum production. 

Type 2Loader. The second type of loader, which has 
become quite popular, still requires an operator, but 
instead of servicing each mold position in the press with 
two tires, he services a loader with six to 10 tires depend- 
ing upon the size of conveyer. This loader has been 
named the “‘inclined loader’’ and is designed to carry 
tires in buckets up an incline onto the press-loading 
chucks. This conveyer acts as a storage or festoon for 
six to 10 uncured tires and it automatically advances the 
uncured tires to the loading chucks as the press requires 
them. This method of loading requires more capital in- 
vestment than the first type. It also requires more floor 
space: however, it can handle a cat-and-dog in- 
stallation and requires less attention by the operator. 
The operator can schedule his return to the press accord- 
ing to the number of uncured tires in front of each mold 
position. 

There are several variations of these loaders for either 
from-the-front or over-the-rear loading of the press. The 
front loader arches over the aisleway in front of the 
presses and is shown in Fig. 3. To conserve floor space, 
there are similar conveyers where the inclined ioder is 
at the rear of the press and carries the uncured tire over 
the take-away belt and press, onto the loading chuck as 
shown in Fig. 4. The rear loader, requiring less floor 
space, allows more room for tires in storage ahead of the 
loading conveyer. A problem of ventilation is created 
by this system. Because the uncured tires are stored im- 
mediately over the hot press, adequate ventilation must 
be provided since excess heat will cause the uncured tires 
to wilt into a distorted shape. 

Type 3 Loader. The presence of the operator in the curing 
room is completely eliminated by the third type of in- 
stallation which is referred to as being fully automatic. 
As of the date of writing, there are three such installa- 
tions which are operating satisfactorily. This method 
is recommended when tires of various sizes are to be 
cured for a reasonably long period of time. This system, 
shown in Figs. 5 and 6, is termed the ‘“‘shuttle pan 
loader."” Each mold position on the press is equipped 
with a loading chuck in a horizontal position which ts an 
integral part of the press itself. In front of each chuck is 
a shuttle pan which serves as a receiver for the uncured 
tires which are automatically dropped from a continuous 
overhead service conveyer. It shuttles the uncured tire 


onto the loading chucks when the chucks have set up a 
demand for the tire. 
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Fig. 5 


In this particular installation, the service conveyer can 
best be described as a series of clamshells which are sup- 
ported by a continuously moving chain conveyer. Each 
clamshell is equipped with an adjustable flag or indexing 
system so that it will handle only the tire size for which 
it is adjusted. This conveyer carries the uncured tire 
with its axis horizontal and surrounds the tire in such a 
way that it is capable of opening and dropping it directly 
downward. When the clamshell is empty it can be made 
to open at the proper time to receive a tire at the loading 
station. 

The tires come from the building machines to an auto- 
matic sorting station with each size on a separate con- 
veyer. The continuously running service conveyer 
passes over each loading station. At the proper station, 
the clamshell is automatically opened and the uncured 
tire is mechanically raised so that the clamshell can close 
around it. 

After the conveyer travels to the curing room it passes 
down each row of presses in the room. At each mold 
position there is a selector switch arranged so that only 
the correct size tire can automatically drop at the proper 
press. As an uncured tire reaches the proper press the 
electrical selector switch will be pon and if the 
shuttle pan in front of the press is empty, the uncured 
tire will be deposited into this shuttle pan where it will 
remain until the loading chucks on the press require 
another uncured tire. As long as there is one in the shut- 
tle pan, no other uncured tire will drop into that posi- 
tion. 

As these are mostly twin presses, the electrical system 
is so interlocked that an uncured tire must be in both pans 
before operations can proceed. At the press, again, there 
are two tires in reserve—normally one on the loading 
chuck and one in the shuttle pan. This places enough re- 
serve at each mo!d position to handle any delay in the 
next uncured tire arriving at the press. In the event that 
a particular uncured tire does not find a station at which 
to drop, it merely returns to the loading section and con- 
tinues back to the pressroom to make its second round 
at which time it normally finds a position to drop. 


MECHANICAL ENGINEERING 


ir 

wait 

; 

ee 

a 

4 

q 

; 

a 
: 


After the tire is cured in the press it is discharged to 
the rear and is carried by belt conveyer to final inspection. 
This system is considered the most efficient type of auto- 
matic loading in operation today. There is a possibility 
of developing an automatic card type of system where 
the tires will be handled with complete automation from 
the buildin machine to the warehouse. 


Truck Tires 

Only the automatic handling of passenger tires has 
been discussed. There are installations of 55-in. truck- 
tire Bag-O-Matics which have also been semiautomated. 
Although there are variations in these installations, as 
yet there has been no attempt to place more than two 
uncured tires ahead of each mold position. 

In several of the truck installations the pan-loader 
principle has been applied. Uncured tires are dropped 
into a pan at floor level where they are automatically 
pathos and placed on the loading chucks. The pan 
then automatically returns to the floor and a second tire 
is placed init. Again, it is elevated but does not go onto 
the chuck until the chuck is empty. This provides two 
tires in rescrve and makes possible the minimum cure for 
each press and eliminates sequence operation. After 
the truck tires are cured, they are automatically expelled 
to the rear of the press onto a take-away conveyer. 


Post Inflation 

The post inflation of tires is also handled automati- 
cally. Post inflators are installed at the rear of the press 
in such a manner that, after the tire is cured, it is auto- 
matically discharged into the post inflator, Figs. 7 and 8. 
After being post inflated, the tire is discharged onto the 
take-away conveyer. 

With the introduction of automation it has been neces- 
sary to develop such items as automatic mold blowout, 
automatic air-blowing of the uncured tire, and automatic 
mold lubrication. 

No one type of loader will fill all requirements and the 
‘any end type should be carefully selected for each particu- 

ar plant and installation. 
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Fig.5 The ‘‘shuttle pan loader"’ and service conveyer represent a fully 
automatic loading method and completely eliminate the operator from 
the curing room. The clamshells on the conveyer system can be sig- 
naled to suit various tire sizes. Flag switches at each mold position 
cause the correct tire size to drop at the proper presses. 


Fig.6 The shuttle-pan-loader chucks place the tire over the curing dia- 
phragm. The tires come from the building machines to an automatic 
sorting station with each size on a separate conveyer. The continu- 
ously running service conveyer passes over each loading stetion. At 
the proper station, the clamshell is automatically opened and the un- 
cured tire is mechanically raised so that the clamshell can close around 
it. 

Fig. 7 Automatic post inflator for passenger-car tires. This unit pro- 
vides for immediate inflation as soon as the tires are discharged from 
the press. 


Fig. 8 Automatic post inflator for truck tires 
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©)... of the most sensitive areas between 
Engineering and Production is the no-man’s land over 
which the engineer must craw] in order to make a design 
change to an item already in production. Production 
fights any one-and-on? a for such changes ob- 
viously disrupt the manufacturing processes. And 
Engineering insists on changes which, in its opinion, 
will make a better, cheaper, safer, or faster product. 
In order to arbitrate between the reasonableness of the 
design change and the resistance of the Production 
Factory to the change, some companies have inaugurated 
so-called Change Control Boards, 


Are Engineers Always Right? 

But if your company uses a Change Control Board and 
your Engineering Department is ready to start throwing 
stones at it, maybe you'd better make sure that Engineer- 
ing doesn’t live in a glass house. The fact is that, if 
you have a Change Board, chances are this means that 
you don't have a system within Engineering to do the 
design-change housekeeping. 

Before the engineer writes a work authorization to 
make design changes, he should check with other de- 

artments to see how their interests are affected. And 
lies Engineering submits change paper to the Change 
Board, it should insure that the Checking Group has 
swept it clean of errors. It may be that your own 
engineering house is not in order or you probably would 
not have a Change Control Board to begin with. 

In theory, design changes should be Engineering's 
baby from start to finish, but company management 
may have fixed paternity upon the Change Board be- 
cause the engineers were not fit parents. 

Perhaps your company policy has been evolved be- 
cause your Engineering Department has not saddled 
engineers with the responsibility of checking with other 
departments before they spend money on design changes 
that may later prove to be impractical. In effect, 
such a company policy puts a bridle on Engineering, 
requiring your design change work authorizations to be 
approved by the Board to insure that you do your duty. 
But it may be that you are still not doing your duty, 
for, with or without authorization approvals, you may 
still be approaching the Change Board with faulty 
change Pe: sane without any previous knowledge of 
how your design changes affect other departments. 

For example, let’s say that one of your design engineers 
decides to double heat-treat a protrusion on a product 
already in production. He appears before the Change 
Board, a group representing Production and most of the 
other internal departments. None of the representatives 
are nonengineers, yet they object to the double heat- 
treat process because, they say, ‘‘everyone knows’’ 
that there is no value of heat-treating beyond the initial 
stage. The engineer presents the dees technical in- 
formation in support of his design change request, but 
he agrees that there is no way to distinguish between a 


1 Chairman, Language Arts Division. 
* “One and on'’ means making the change back to the first prod- 


uct turned out. ‘‘Fifteen and on’’ would mean going back to the 15th 
item produced. 
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By S. W. Brossman! 


Chaffey College, 
Alta Loma, Calif. 


piece of metal that has been single heat-treated and one 
that has been double heat-treated: they look the same. 

The Change Board decides, therefore, that the design 
change request to double heat-treat can be granted only 
if there is 100 per cent proofing of each heat-treated 
protrusion. However, the representative from Estimat- 
ing then pops up and points out that 100 per cent proof- 
ing, plus the cost of double heat-treating all the protru- 
sions on products already fabricated, i.e., one-and-on, 
would be more costly than merely replacing defective 
protrusions as they break in inspection. 


Fixing Responsibility 

Engineering's glass house, therefore, may be vulnerable 
to attack. And an obvious solution is to give these re- 
lease responsibilities to the Design-Group supervisors. 
As itis, the Design-Group supervisor usually points the 
finger at the Project Office and Change Board; the. 
Project Office blames the Design-Group supervisor and 
Change Board; the Change Board blames Engineering; 
and Engineering blames the Change Board. 

I nominate the Design-Group supervisor and the 
Drawing-Check supervisor as the culprits to arraign in 
the event that other departments are not consulted be- 
fore design changes begin, or when poorly prepared 
change packages are sent to the Change Control Board. 
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Fig. 1 Two gas turbines were installed between three existing steam turbines. Cost was $3 million less 
than building a new equal-capacity steam-turbine plant elsewhere. Steam turbines were undisturbed. 


These two simple-cycle gas turbines, in a power plant, cost $110 per 
kw of installed capacity. Now, with their first 1500 hr of fired 
time on record, we have a report on their performance in service. 


By C. H. Stanton,' Mem. ASME, and H. C. Luff,’ Assoc. Mem. ASME 
Orlando Utilities Commission, Orlando, Fla. 


THE ORLANDO GAS TURBINES 


In 1958, THE Orlando Utilities Commission 
installed two gas turbines for peaking and standby 
service. These units were then the largest simple-cycle 
gas turbines in the United States and among the largest 
anywhere, Fig. 1. The es maintenance ex- 
perience with these units should be of interest to other 
users and potential users of large simple-cycle gas tur- 
bines. 

In 1956, the Commission's generating facilities con- 
sisted of three 900-psi, 900-F, 30-mw steam turbines at 
the Lake Highland Plant, and several 250-psi low-pres- 
sure steam turbines with a combined capacity of 15 mw 
at the Lake Ivanhoe Plant. At that time the low- 
pressure turbines were used for peaking and standby 
service. A study revealed that system peak loads from 
1952 through 1955 had been increasing at an average 
rate of 21 per cent per year. As shown in Fig. 2, a 
load-duration curve for the year 1955 indicated that 
loads in excess of 70 per cent of the highest annual peak 
load occurred only 2.5 ~ cent of the total hours in the 
year. Power generated at levels above 70 per cent of 
the highest system peak load accounted for only ‘/10 
of 1 per cent of the total system generation. 

It was quite evident that a serious peaking probiem 
existed that would require installation of additional 
generating facilities by 1958. Condenser-cooling-water 
limitations and space limitations made installation of 
additional steam-turbine generating units at Orlando 


1 Secretary and General Manager. 

2 Manager, Electric Generation. 

Contributed by the Gas Turbine Power Division and presented at 
the Gas Turbine Power Conference, Washington, D. C., March $4. 
1961, of Taz American Society or Mecuanicat Paper No. 


61—GTP-6. 


MECHANICAL ENGINEERING 


impractical. Two 16.5-mw gas turbines could be in- 
stalled at the Lake Highland Plant for $3 million less 
than a new 33-mw steam generating plant located else- 
where. Savings in operating labor and transmission- 
line losses were estimated at about $140,000 per year for 
the gas-turbine installation as compared to a remote- 
steam-plant installation. 

As a result of these studies, two 16.5-mw gas turbines 
were ordered from the General Electric Company in 1956. 


Description of Installation 

The most economical arrangement proved to be in- 
stallation of the gas-turbine generators in the Lake 
Highland Plant between the three existing steam tur- 
bines, as seen in Fig. 2. Some steam-turbine auxiliary 
equipment would require relocation at a cost that was 
negligible compared with locating the units in a separate 
building. Motor-driven exciters were decided upon to 
reduce the over-all installed length of the gas-turbine 
generators, and removable metal covers were used for 
the gas turbines to improve appearance. 

Piles were driven for the gas-turbine foundations, with 
the steam turbines in operation, by hanging the pile 
driver from the plant overhead crane. Space limitations 
required that air for the units be taken from inside the 
plant building without using an air-intake filter. A 
silencer was used on the intake to control the noise 
level in this area. The air-intake duct was located at 
the plant-basement elevation and was routed downward 
across the basement level out through the front wall of 
the building and upward through steel stacks at the 
front of the plant and covered with corrugated anodized- 
aluminum sheets to improve appearances. 

The gas turbines were designed to operate on cither 
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No. 2 distillate oil or natural gas with a rated-load heat 
rate of approximately 16,800 Btu per kwhr. Provision 
was made for manual transfer between fuels with the 
unit in normal operation. At rating, the turbine gas- 
inlet temperature is 1450 F and the turbine-exhaust 
temperature is 840 F. The unit rating is based on a 
compressor air-inlet temperature of 80 F. The 15-stage 
axial-flow compressor is designed for an air flow of ap- 
proximately 220,000 cfm at 14.17-psia inlet pressure at 
80 F, with a nominal pressure ratio of 6:1. 

The units were designed for semiautomatic starting. 
requiring no manual control of the starting cycle from 
the time the unit rolls off the turning gear until the 
machine is under control of the speed governor. 

The gas-turbine facility was completed in 1958 at a 
cost of approximately $110 per kw of installed capacity. 


Operating Information 

The Orlando gas turbines can be started cold and be 
on the line in 20 min, a highly desirable feature for 
peaking and standby service. The semiautomatic start- 
ing feature of the turbine-control system has enabled 
the units to be used without adding operating personnel 
to the plant. They are controlled by the plant steam- 
turbine operators. When used for peaking service, 
they average 3 to 4 hr operation for each start. Under 
these conditions the average heat rate is about 17,400 
Btu per kwhr. The gas turbines have been used several 
times for continuous duty during scheduled inspections 
of steam-turbine generators and, under these operating 
conditions, the gas turbines operated at an average heat 
rate slightly above 16,800 Bru per kwhr. 

Because of the extremely poor light-load heat rate of 
the simple-cycle gas turbine, the units are loaded to 
rating as rapidly as possible and are unloaded in the 
same manner. When taken off the line, the speed is 
lowered to 2700 rpm before the fuel supply is tripped in 
order to reduce the thermal shock in the high-tempera- 
ture zone of the turbine. 

Both units were placed in commercial operation in 
December, 1958. Number 2 distillate oil was used ex- 
clusively until July, 1959, when gas became available. 

Various start-up problems had resulted in a lengthy 
six-month preliminary testing period on the Orlando B 
unit. Considerable difficulty was experienced in ob- 
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taining proper adjustment of the control equipment as- 
sociated with the semiautomatic starting cycle. Igni- 
tion troubles were caused by the fuel nozzles which were 
later replaced with improved models. The spark-plug 
ignition transformers were replaced and relocated at a 
lower point where temperature conditions were more 
favorable than when high under the unit covers. 

Out of 107 attempts to start the unit during pre- 
liminary testing, the machine reached rated speed only 
43 times. Unit fired time accumulated during this 
period was 86 hr. At 74 hr fired time, failure of the 
unit to cross fire properly resulted in disassembly for 
inspection of the combustion liners and cross-fire tubes. 

Warping, Fig. 3, found on the outer edges of the inner 
louvered portion of the combustion-liner cap assembly, 
resulted in liner modifications on both gas turbines. 
The inner louvered portion of the combustion-liner cap 
assembly was continuously welded to the cap-assembly 
body rather than at intervals as originally furnished. 
Additional holes were drilled in the combustion-liner 
cap to provide better air distribution in the liner. 

The preliminary testing period on gas turbine A was 
halved as a result of the test experience with unit B. 
Only 30 hr of fired time were accumulated during this 
period for gas turbine A. By July, 1959, when gas fuel 
became available, the combined total fuel-oil-fired time 
on the two gas turbines was 500 hr. At the time of 
writing, the A and B units had each accumulated 1500 
hr of fired time. 

The operation of the fuel governor on these units has 
been good. Tests have been run in which the units were 
tripped from a load of 10 mw without overspeeding or 
losing flame. Under one emergency operating condi- 
tion, B unit generator circuit breaker was closed on a 
load of 10 mw with the unit operating at rated speed. 
The unit held this load and it was possible to return the 
unit to rated speed and voltage in about 15 sec. 


Maintenance 

With only 1500 hr fired time apiece, definite routine- 
maintenance schedules have not been established, or 
the proper interval for major unit overhaul determined. 
Some maintenance has been required to keep the control 
equipment associated with the semiautomatic starting 
cycle operating satisfactorily. This maintenance work 
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was no more than would normally be expected for this 
type of equipment, and the work has been carried out 
satisfactorily by a competent plant electrician under 
engineering supervision. 

Visual borescope inspection of combustion liners at 
intervals of about 100 hr appears advantageous on a 
newly started unit. After the first 200 or 300 hr of 
operation, the inspection interval could be about 400 to 
500 hr until a proper inspection interval is determined 
by experience. Borescope inspection of the combustion 
liners has been carried out ie supervision of the plant 
mechanical engineer, who has kept detailed records of 
the condition of the combustion liners. These have 
required considerable maintenance. 

Borescope inspection of the combustion liners on 
both gas turbines at approximately 1300 hr fired time 
revealed considerable cracking in the area where the 
cap and the liner assembly were joined. The cracking 
was serious enough to warrant immediate repair. New 
combustion-liner cap assemblies were available but new 
No. 2 combustion-liner assemblies could not be readily 
obtained, making it necessary to repair the existing as- 
semblies in the Feld by welding. The welds were ap- 
plied to the outside surface of the combustion liner 
where necessary to join cracked areas, and holes were 
drilled near the liner cap assemblies for better air dis- 
tribution, as shown in Fig. 4. After these repairs the 
gas turbines were returned to normal operation. 

Frequent borescope inspection revealed that some 
cracking was occurring in the areas where welded re- 
pairs had been made. At approximately 1500 hr fired 
time, gas turbine B was removed from service for in- 
stallation of new modified combustion liners. While the 
repaired liners in this unit showed some cracking in the re- 
paired areas, the liner condition was considered fairly 
good. It appears that emergency repairs to combustion 
liners can be carried out by welding with some success. 

At the time of the unit combustion-liner replacement, 
it was decided that the small additional cost of a com- 
plete unit inspection would be warranted. Examina- 
tion of the compressor rotor gratifyingly revealed no 
erosion on the compressor blades and only a very light 
soluble oil film was deposited on several stages of blades 
at the compressor inlet in spite of the necessary exclu- 
sion of a compressor-intake filter. The turbine and com- 
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Fig. 2 Duration of load on 
the Orlando Utilities Com- 
mission system in 1955. 
Power generated at levels 
above 70 per cent of the 
highest system peak load 
accounted for only 0.4 per 
cent of the total system gen- 
eration (as shown by the re- 
lationship of the area be- 
tween the 70 per cent line 
and the curve to the total 
area under the load-duration 
curve). This level was 
sustained only 2.5 per cent of 
the total hours in the year. 


Fig. 3 Warping was found 
on the outer edges of the in- 
ner louvered portion of the 
combustion-liner cap as- 
sembly when _ inspection 
was made after 74 hr of 
operation. 


Fig. 4 Modification con- 
sisted of continuously weld- 
ing the combustion-liner 
cap assembly to the body, 
rather than at intervals as or- 
iginally furnished. Addi- 
tional holes were also drilled 
to provide better air dis- 
tribution in the liner. 


Fig. 5 Considerable crack- 
ing of the first-stage nozzle 
was found in the seal 
welds around the butt ends 
of the partitions at the inner 
and outer sidewalls. Dark 
areas are developed dye in 
the cracked areas at the 
outer sidewall. Dye-pene- 
trant inspection was used. 


ressor bearings were opened for inspection and were 


und to be in good condition. 
Dye-penetrant inspection of the turbine rotor and 


blades, the upper diaphragms, and the upper section 
of the first-stage nozzle disclosed considerable first- 
stage nozzle cracking in the seal welds around the butt 
ends of the partitions at the inner and outer sidewalls. 
The dark areas around the partitions in Fig. 5 show the 
developed dye in the cracked areas at the outer sidewall. 
The majority of the cracks were in the outer sidewall 
and varied from 20 to 90 per cent of the length of the 
weld. This cracking was apparently the result of dif- 
ferential-expansion problems. The manufacturer did not 
consider these cracks serious enough to warrant replace- 
ment or repair of the first-stage nozzle. 

All other parts checked proved to be in good condition. 
After inspection was completed, the unit was reassembled 
and was tested satisfactorily. Frequent borescope in- 
spection of the new combustion liners will be continued 
until sufficient operating time shows that these liners 
are satisfactory, and the progression of the first-stage 
nozzle cracking will be carefully noted at subsequent 
inspections. 


Conclusion 

The quick-starting ability of the Orlando gas turbines 
has made them ideal for peaking and standby service. 
The problems that have been experienced have been no 
more than would normally be expected in any new ciass 
of large equipment of this nature. Operation has been 
owe satisfactory and the units have economically 
ulfilled a definite requirement. 
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cademic research must. furnish 
results of a general and lasting nature that 
go beyond a temporary, practical objective. 
The methods and principles developed in 
engineering research may be valuable long 
after the problem has been outgrown. 


RESEARCH 


By George F. Wislicenus, Fellow ASME,' Pennsylvania State University, University Park, Pa. 


Mopern engineering is so closely connected 
with the mathematical-physical sciences that academic 
research and postgraduate work in engineering must be 
pursued in closest relation to these sciences. Since post- 
graduate and research work began earlier in the mathe- 
matical-physical sciences, it seems natural to apply 
standards of quality developed for these sciences to 
corresponding work in engineering. This application of 
similar standards sometimes discloses a conflict in opinion 
between engineers and representatives of the mathe- 
matical-physical sciences as to what constitutes accepta- 
ble research. This conflict does not exist between 
“engineering science’’ and the mathematical-physi- 
sciences, since engineering science is a part of these sci- 
ences. The conflict does appear whenever the applica- 
tion of the scientific principles to engineering problems 
plays a decisive role. 

The proposed solution of this apparent conflict is based 
simply on the fact that engineering is applied science 
(similar to medicine), and not just applicable science. 
Engineering is therefore understood to include applica- 
tion as an essential element. 

In accepting this definition of engineering it is obvi- 
ously meaningless to object to applied research in engi- 
neering unless it is desired to object to engineering itself 
as a subject for graduate study. The problem is to de- 
termine whether the element of application is detrimental 


1 Director, Garfield Thomas Water Tunnel, Ordnance Research Lab- 
oratory, and Professor of Aeronautical Engineering. 
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to the standards of quality in engineering research at a 
university. 

Although the element of application has often led to 
superficial and thereby unacceptable work in engineering, 
it will be shown that this same element of application, 
if properly recognized, is actually valuable for maintain- 
ing high standards of quality, and for the establishment 
of engineering as an important discipline of human activi- 
ties. Application is not merely to be tolerated, but 
should be cultivated for what it really can mean, lest a 
loss of the creative element in engineering so badly 
needed in today’s world is invited. 


The Origin of Engineering Problems 


In discussing the problem and its solution, it is neces- 
sary to introduce a philosophical difference between 
engineering and the mathematical-physical sciences. 
The distinction used here is that of motivation: the 
scientist wants to know something not yet known; the 
engineer wants to do something not yet done. This dis- 
tinction applies here to the physical world, in contrast 
to philosophy, law, and similar disciplines. It may thus 
be said that the physical scientist wants to know this 
world and the engineer wants to change something in that 
world. This distinction, of course, does not apply to 
individuals in accordance with their academic degrees 
as many chemists and physicists are engineers by this 
definition, and many engineers are scientists. The same 
person may work or think sometimes as an engineer and 
sometimes as a scientist according to his aims under par- 
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ticular conditions. Thus the foregoing distinction in 
motivation is being used as a definition for the words 
‘‘scientist’’ and ‘‘engineer,’’ mainly for lack of a better 
definition of these controversial terms. 

It follows that there must be a difference between the 
physical sciences and engineering regarding the selection 
of problems to be investigated. 

With some idealization it can be said that the scientist 
selects his problems primarily by their logical relation- 
ship to the existing state of work and knowledge in his 
field. While such relationships must also be observed 
by the engineer, his problem selection stems primarily from 
the requirements of some practical development to be accom- 
plished. 

At this point it is necessary to avoid a specific mis- 
understanding: An engineer's practical problems are by 
no means always dictated by demands outside his influ- 
ence. The selection of what is to be accomplished is as 
much a task of the engineer as how it is to be accom- 
plished. The Wright brothers certainly were not asked to 
fly; more likely they were asked nor to fly. If their pri- 
mary idea was to find out whether or not it was possible 
to fly, their motivation was that of a scientist. If they 
just wanted to fly (period!) then their motivation was 
that of an engineer—although they certainly used availa- 
ble scientific tools to accomplish their goal and in doing 
so made contributions to scientific knowledge. 


Characteristics of Engineering Problems 
After considering their origin, one finds a few general 
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characteristics of engineering problems that are believed 
to be of importance for this study. 

The requirements of some practical development to be 
accomplished may lead frequently to problems that fall 
outside the logical path of scientific work in the field 
concerned, that is, the problem that must be solved may 
not be one that would have been selected on purely 
scientific grounds. 

Because of this, it is often necessary for an engineer to 
attack problems with incomplete background knowledge. 
The case is sometimes analogous to that of a surgeon who 
cannot let his patient die just because he does not under- 
stand the nature of the disease. While in reality the 
scientist must often do the same, he might not choose to 
do so if working ideally on a “‘pure’’ research problem. 

Second, engineering problems are involved with the 
element of téme to a greater degree than those of the 
mathematical-physical sciences. Most engineering prob- 
lems may be expected to become trivial or their solution 
worthless in one or a few decades. The time that can be 
devoted to their solution is usually limited in a manner 
not prevailing to the same extent in the mathematical- 
physical sciences. 

The afore-mentioned limitations of engineering research 
are often considered as detrimental to the quality of aca- 
demic research in engineering. However, these very 
characteristics and limitations can be used to increase 
the scientific value of engineering research because: 

1 The necessity of attacking problems lying outside 
the natural path of scientific research stimulates consid- 
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eration of mew problem areas. For example, most recent 
investigations in fluid mechanics have been prompted by 
practical problems in aeronautics and astronautics. 

2 The necessity of attacking problems with incom- 
plete background knowledge demands very orderly 
thinking and procedures in a complex situation. The 
field of operations research is an example for this effect of 
practical requirements on scientific discipline. The rare 
ability to handle such situations logically and effectively 
must be regarded as an essential goal for higher educa- 
tion in engineering. 

3 The limitation in time, so often deplored as a dis- 
turbing element in research, demands careful selection of 
a limited number of significant and tractable subproblems 
that can be solved to the required degree of accuracy 
within the time available. This selection of subproblems 
requires scientific and practical judgment, a vivid per- 
ception of the physical nature of the over-all problem, 
and a dependable knowledge of the scientific methods 
available for the solution of each subproblem. Again, 
the type of thinking required is thee 2 as essential in 
higher education for engineers. 


It appears that apparently detrimental elements in 
engineering research can have very stimulating effects 
on the underlying sciences and on scientific thinking in 
general. 


Pitfalis and Requirements 

Superficial research in engineering is too often defended 
on the basis that “‘there was not enough time (or money ) 
for a thorough investigation.” 

Representatives from the physical and mathematical 
sciences will agree that thoroughness is an essential crite- 
rion of quality in research. Thoroughness is not com- 
pleteness, as no scientific work is ever complete. It does 
imply such qualities as systematic procedure, the proper 
use of available knowledge, and a high level of intellec- 
tual curiosity and discipline. 

Fortunately, thoroughness is found to be a prerequisite 
for effective research in engineering. No work at all 
is usually preferable to superficial work. 

Experience has shown that superficial research work is 
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both wasteful and dangerous. It is wasteful because at 
best its results will apply to one particular situation, 
requiring a repetition ie entire work for applications 
under slightly different conditions. It is dangerous be- 
Cause incorrect application of the results, resulting from 
incomplete understanding of their meanings or limita- 
tions, usually leads to unexpected failures. Thorough- 
ness is therefore justified on practical grounds alone. 

In addition to thoroughness and understanding, aca- 
demic research in engineering must furnish results of a 
general and lasting nature that go beyond a temporary, 
practical objective. If the work of a university labora- 
tory were to lose all value because practical objectives 
changed or vanished, it could be argued justly that the 
laboratory did not fulfill its obligations as an academic 
institution. The methods and principles employed and de- 
veloped must stand scrutiny and repeated application for 
many years after the original, practical purpose of the 
work has been forgotten. The theft of gold in repairing 
the crown of Syracuse was hardly a noteworthy historic 
event, but the way in which Archimedes discovered it 
will not soon be forgotten. 

Thus it appears that not what is done, but how it is 
done, determines the academic value of engineering re- 
search. 


“Basic” and “‘Applied”’ Research 

It must be admitted that research in engineering has 
often failed to satisfy the minimum requirements of 
thoroughness and background knowledge necessary to 
achieve its practical objectives and recognition from 
serious engineers and scientists. As a consequence, the 
familiar distinction between ‘“‘basic’’ and ‘‘applied”’ 
research has come to denote a difference in scientific 
quality. While applied research to be effective must 
meet the highest scientific standards, it should be recog- 
nized that much is yet to be accomplished before engi- 
neering research uniformly attains these standards. This 
is of decisive importance not only for immediate practical 
results, but also for the future of such research. At pres- 
ent many of our most promising young engineers shy 
away from ‘‘applied’’ research simply because of their 
desire to be connected with research of high scientific 
quality. If these qualities are not practiced in engineer- 
ing research, our young PhD’s in engineering may not 
realize what good applied research can and must be. 


Summary 

1 Engineering research is applied research. Applica- 
tion is an essential element of engineering, to be recog- 
nized and cultivated in university research for its true 
value and significance. 

2 Superficial work in engineering is wasteful and 
dangerous. Thoroughness of procedure and understand- 
ing of results are a practical necessity in engineering re- 
search as well as a criterion of scientific quality. 

3 Engineering research often involves problems lying 
outside the path of normal scientific advancement. 
Thereby it stimulates the investigation of new fields of 
physical knowledge and scientific discipline, and de- 
mands methods of orderly procedure under complex 
conditions and with incomplete background knowledge. 

4 University research in engineering must advance 
knowledge and thinking independently of the temporary 

ractical value of the results obtained. Not what is done 
ie how it is done determines the academic value of engi- 
neering research. 
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This second installment covers gear lubrication, rolling- 
element bearings, fluid-film bearings, and lubricant 
properties. Discoveries in the past few years have 

led to new theories and new applications. 


Beak Sibricatlon By M. Godet’ 


Tue 1959-1960 contribution to gear-lubrication litera- 
ture can be listed under the following headings: The 
lubricant as a gear-design parameter, relaxation phenom- 
ena in gear lubrication, gear lubricants evaluation, in- 
vestigations with gears and disks, and film-thickness 
measurements. 

The Lubricant as a Gear-Design Parameter. Blok [265]’ 
states that, as a gear tooth cannot carry more load than its 
beam strength will allow, all lubrication failures may be 
conveniently compared to the beam-strength criterion. 
For homologous gears (that is, geometrically similar 
gears of the same material but of different sizes), ex- 
eran for performance barriers limited by tooth 

reakage, metal-to-metal contact, pitting, and scuffing 
are obtained from manipulations of equations developed, 
respectively, from beam strength, minimum film thickness 
(Grubin), Hertz stress, and flash-temperature theories. 
These expressions are: (4) For tooth breakage—P, = 
C,nl*, (b) for pitting —P, = C,nl%, for tooth contact— 
P. = (d) for scuffing—P, = where n 
and / are, respectively, the speed and a characteristic linear 
size of the gears and where C,, C,, C,, and C, are constants 
which are to be determined for the class of homologous 
gears and the lubricant considered. A graphical repre- 
sentation of the relative position of each barrier can be 
obtained by plotting for a given gear (/ = Jo) the power 
transmissible as a function of speed for various barriers, 
and for a given speed (m = mo) the power transmissible 
for various size gears. From these plots it is possible to 


This Review covers the period January 1, 1959, to June 1, 1960. 
PART ONE appeared in the preceding issue, April, 1961. 

§ Engineer, Shell Development Company, Emeryville, Calif. Assoc. 
Mem. ASME. 

7 Numbers in brackets designate References at end of paper. 

Contributed by the Lubrication Division and presented at the Annual 
Meeting, New York, N. Y., November 27—December 2, 1960, of The 
American Society of Mechanical Engineers. Prepared by Subcommittee 
B, Paul Lewis, Chairman of the Digest Committee. 

The “Digest of 1958 Literature”’ on lubrication appeared in Mecuant- 
caL ENGINEERING, October, 1959, pp. 56-69. 


see, after a determination of the constants of the equa- 
tion, what kind of performance barrier will first be met 
in a given gear operation. 

J. F. Osterle [266] notes that, in applying the hydro- 
dynamic theory to the problem of gear lubrication, 
previous authors have approximated the geometry of 
gears with disks; these in turn are approximated in 
the region of contact with parabolic arcs. The first 
approximation does not take into account the squeeze 
ect introduced in gears by the variation of the radius 
of curvature with time. The solution developed by the 
author for the film thickness is in the form of a series. 
The first term gives the expression for the parabolic-arc 
theory, thus the second term of the series can be regarded 
as a first-order correction. This correction shows that 
for external gears of equal size the first-order correction 
is nil. For gears of unequal size the correction grows 
as the size Etercace grows. The correction increases 
the maximum pressure and the load-carrying capacity 
when the pinion is driving and decreases them if the 
pinion is driven. The maximum increase is 4 to 1. 

Relaxation Phenomena in Gear Lubrication. Discoveries in 
the past few years about the relaxation behavior of oils 
have led to much speculation about the part played b 
this phenomenon in lubrication. G. J. O’Donnell[ 267], 
in a review on this subject, discusses relaxation and out- 
lines some of the difficulties inherent to a study of the 
subject. He points out that it has been postulated that 
the increase in load-carrying capacity of gears with an 
increase in speed could be explained by relaxation effects, 
as the Hertzian contact times in high-speed spur gears 
are of the same order of magnitude as the relaxation times 
of the lubricants. This is disputed by Crouch and 
Cameron [268] who in an analytical study of the problem 
suggest that the effect of relaxation is not as great as has 
been believed, and that the increase in load-carrying 
capacity could be explained by a decrease in the rate of 
change of oil viscosity with temperature. This con- 
clusion is based on empirical viscosity calculations per- 
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formed for the conditions found in Borsoff’s [269] data. 
Gatcombe, et al. [270], making up for an omission in 
gear literature, outline calculation of contact times. 

Gear-Lubricants Evaluation. In attempting to obtain a 
correct evaluation of gear oils, authors are limited at this 
juncture to the study of the correlation between bench- 
test results and full-scale gear tests and field performance. 
While it can be hoped that any particular correlation 
might hold for oils of similar nature, it is too much to 
expect it to be valid for a broad range of lubricants. 
The lack of agreement between bench tests further adds 
to gear-evaluation problem. Some authors suggest that 
the failure criteria are to blame for this lack of agreement 
more than the bench tests themselves. Elliott, et al. 
[271] argue that with carefully defined failure criteria the 
4-ball and the SAE machines might be used to predict 
the performance of lubricants in L-42 and L-37 tests, as 
they can be made to exhibit, respectively, the scoring 
and ridging failures associated with those tests. Ac- 
cording to the authors, the correlation obtained from the 
4-ball machine is good, and while the results from the 
SAE machine appear promising, are not conclusive. 

Confronted with the same problem, De Ardo and 
Sargent [272] compare the relative evaluation of gear 
oils by Falex, Timken, and 4-ball machines. A Mil-L- 
2105 oil was used as a reference oil and 10 runs were per- 
formed on each machine. The failure criteria were the 
failure load for the Falex machine, the maximum safe 
load and safe unit pressure for the Timken, the scar 
diameters at various loads, and the seizure loads for the 
4-ball machine. From these results, rating tables were 
developed to obtain 95 per cent confidence level. The 
results from these machines are not given equal weight 
in the final evaluation. This is an effort to correlate the 
results of three bench tests for different oils. 

Schultze, et al. [273], concerned primarily with ma- 
chine-gear lubricants, and dismayed by a lack of agree- 
ment between various bench-testing machines, have de- 
rived a test of their own known as the IfE tester. In this 
machine a loaded arbor is rotated against stationary 
cylindrical pins. The scar on the pins gives a measure of 
wear. The authors report on the effect of running-in 
conditions, oil supply, sliding velocity, temperature, and 
additives upon wear measured in the IfE tester. 

In a review of gear rigs, Ryder [274] discusses scuffing, 
pitting, and fatigue. Particulars of the IAE, Thornton, 
FZG, Shell Development, Ryder, and Western Gear 
machines are included. The author emphasizes that 
valid results can only be obtained with gear rigs if the 
failure criteria are carefully defined. 

The necessity of using rigorous testing conditions for 
gear rigs has been recognized in Great Britain [275] 
where new specifications to determine the load-carrying 
capacity of lubricants with the IAE machine have been 
incorporated in new British test method IP 166/60-T, 
superseding test IP 166/58-T. 

In a study of the behavior of lubricants under specific 
environmental conditions, Neely [276] warns that lubri- 
cants irradiated under static and dynamic conditions do 
not behave in the same way. He showed that the deg- 
radation obtained by testing oils in a gearbox under 
radiation was very much more severe than that obtained 
in the static case. 

Also studying environmental effects on lubricants, 


68 /MAY 1961 


Meckel and Quillian [277] report that the results ob- 
tained in their investigation of thermal-oxidation sta- 
bility of lubricants using a gearbox instead of the usual 
glass apparatus correlated well with field-test results. 
Investigations With Gears and Disks. Borsoff, Ku and Baber, 
Hughes and Waight, and Smith report on some experi- 
mental data gathered with spur-gear machines. Teses 
of gear failures are Heiiek ao the effect of various 
arameters on gear performance is mentioned. Borsoff 
269] singles out abrasion, scoring, and chemical corro- 
sion as three wear mechanisms directly influenced by the 
lubricant. By testing gears of different geometry at 
different speed, he shows that the increase in load-carry- 
ing capacity, LCC, with larger-diametral-pitch gears is 
less pronounced at high speed than at low speed; that tip 
relief increases the LCC, up to a point; that the 
degree of surface finish affected the LCC; and that 
LCC is not directly proportional to gear width. 
Higher specific loads in pounds per inch of face were ob- 
tained with thinner gears. Among operating variables 
the effect of temperature, flow rate, oil-nozzle position, 
and speed was investigated. The data suggest that 
there is a definite relationship between LCC and the 
viscosity for lubricants of similar nature. Feeding the 
lubricant just before mesh gives the best results. Higher 
oil flow rates gave higher LCC. The LCC first decreased 
with speed and then increased to very high value. It 
was lowest for a speed of 5000 rpm. Relaxation effects 
discussed earlier are suggested as an explanation for this. 
Data on the effects of speed, load, and time on wear 
using radioactive techniques were also presented. The 
wear patterns obtained from straight mineral and EP 
oils are markedly different. For straight mineral oils 
the wear is instantaneous and caused by scoring. For 
EP gear oils, wear is much lower and gradual and caused 
by chemical corrosion. The author concludes by saying 
that hard-steel spur gears operate in two zones of lubrica- 
tion—in one the meshing teeth are separated by a thick 
lubricating film, in the other the separating film is of 
boundary or extreme-pressure nature. 
Ku and Baber [278] running parallel experiments with 
a Ryder gear tester confirm Borsoff's results concerning 
the effect on the load-carrying capacity of different oils, 
of viscosity, gear speed, lubricant supply, and lubricant 
temperature. They have further run tests on new and 
deteriorated oils (that is, oils at 210 F in which air has 
been bubbled through a copper tube with occasional addi- 
tion of water) and report an increase in load-carrying 
capacity for the treated oil, unfortunately accompanied 
by undesirable side effects. In running experiments with 
inert atmospheres, a large increase (up to 100 per cent) 
in load-carrying capacity was noted; both argon and 
nitrogen were tried with little difference between them. 
Hughes and Waight [279] compare their results ob- 
tained with an IAE spur-gear machine with the theoreti- 
cal treatments of Blok, Almen, and others. By studying 
the effect of the viscosity v, the speed N, and the bulk-oil 
temperature 6, on the load-carrying capacity, they found 
that the data could be fitted by an expression of the form 
K(v)'/2 
N?®.4¢09 
where K and a are constants to be determined. 
It is worth noting that they did not observe a reversal 
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in the downward trend in the load carrying of lubricants 
with an increase in speed as did Borsoff, and Ku and 
Baber, even though some tests were run at speeds of 
12,000 rpm. The effects of additives and of additive 
concentration on the type of failure are also discussed. 

Reviewing some of the problems currently under in- 
vestigation at WADC, Smith [280] reports that the ef- 
fects of lubricants and of operational variables on gear 
fatigue are being studied in the Ryder gear rig using 
gears with a tiprelief of 1.6 mils. Viscosity is shown to 
have little effect on fatigue, and, according to the author, 
no correlation can be drawn between oils of high load- 
carrying capacity and oils which give long fatigue life. 

Shipley [281] outlines the problems associated with 
high-temperature gear operation from both the lubricant 
and the gear-material point of view. Oxidation and 
thermal-stability tests were performed for 45 different 
oils, and spur-gear tests were run on those which held 
promise. In the study of gear materials, the author re- 
ports that above 350 F ordinary case-carburized gear ma- 
terials are no longer adequate. Some of the properties 
that high-temperature gear materials must embody in- 
clude high fatigue strength, high hardness, good re- 
sistance to scoring, good machining, and no age em- 
brittlement. Many high-temperature materials were 
screened and tested for fatigue, hardness, and impact 
strength at high temperature. Nitrided materials gave, 
on the average, superior performance over ordinary 
hardened steels. 

Attia [282] studied dynamic loads at different speeds in 
gears by measuring the deflection of spur-gear teeth with 
a strain gage used as anextensometer. The author found 
that the position of maximum dynamic load varies with 
operating conditions; that the strain in the body of the 
gear causes the tooth to deflect even before it comes into 
mesh; and that the maximum dynamic loads occurred 
during single-tooth contact. The dynamic loads ob- 
a are lower than those calculated from Bucking- 
ham's theory. 

Kohler [283] made similar measurements using barium- 
titanate crystal gages installed on the gear blank between 
two gear teeth. The signal-to-noise ratio of such a 
system is very favorable and interference from slip-ring 
noise isreduced. Niemann and Rettig [284]studied tooth 
deflections due to errors in base pitch of the gears using 
an inductance extensometer placed on the side of the 
gear. The records obtained show that, after initial im- 
pact, the displacements are in the form of vibrations 
superimposed on the static-deflection curves. The 
authors calculate that these vibrations occur at the 
natural frequency of the tooth spring and gear-mass 
system. 

Misharin [285] investigated the effects of changing 
sliding and rolling conditions on the coefficient of fric- 
tion. Two disks of 60 and 90 mm in diameter with a 
contact width of 8 mm were used for the tests. Sliding 
velocities up to 12 mm per sec and total rolling velocities 
up to 23 mm per sec were obtained for the experiments. 
No influence of the disk material upon the coefficient of 
friction was established. The coefficient of friction 
stayed constant for contact stresses up to 7000 kg per sq 
cm and increased slightly beyond that. For a constant 
sliding velocity, the coefficient of friction decreased as 
the total rolling velocity increased, and for a constant 
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total rolling velocity it decreased with an increase in 

sliding velocity. The coefficient of friction also in- 

creased with an increased disk surface temperature. 

Misharin states that the results obtained here agree 
ualitatively with the contact hydrodynamic theory of 
etrusevich. 

Both Misharin and Watson [286] state that disk ma- 
chines do not effectively differentiate between oils of 
differing viscosities. Using an SAE disk machine, 
Watson reports that, for a given specific sliding, the load- 
carrying capacity and the coefficient of friction decreased 
with increases with sliding velocities. This held true 
for many types of oil. Also the coefficient of friction de- 
creases slightly with an increase in load and varies with 
the disk material. 

Also using a disk machine, Shotter [287] examines the 
effect of surface finish on gear-tooth performance. The 
tests were not run to establish a trend between load- 
carrying capacity and surface finish, but to study the 
torque necessary to drive specimens of different finish and 
perform metallographic inspections after runs performed 
under normal (that is, not unusually severe) operating 
conditions. Seven grades of surface finish were tried from 
a very coarse turned surface with a surface finish of roughly 
0.001 in. to a very smooth polished surface finish of less 
than 10 microin. Turbine oil at 50 C was used as the 
lubricant. Surface speeds of the disks were, respectively, 
25.8 and 33.8 fps. Film-thickness resistance was meas- 
ured during operation. The author concludes that, both 
with respect to friction and electrical resistance, a smooth 
initial finish possesses an advantage that it never loses. 

Straub [288] argues that, as shot-peening increases the 
beam strength of the tooth, gears of larger diameter 
pitch can be used where otherwise tooth breakage would 
occur. As scoring is lighter for gears with small diame- 
tral pitch, shot-peening indirectly helps overcome scor- 
ing in gears. J. W. Dern [289] discusses the problems of 
high-speed gears from a gearbox designer's point of 
view. Frederick and Newman [290] describe gear fail- 
ures associated with aircraft, marine, and the automotive 
industry. Clark [291] points to the complexity of the 
problems of gear lubrication and reviews common types 
of gear failures. In his study of the importance of good 
surface finish, he differentiates between two types of 
undulations commonly found in gears—undulations of 
small wave length associated with any cutting process, 
and those of larger wave length which are due to day and 
night changes in temperature which have occurred during 
the hobbing operation. Hundere [292] gives a compre- 
hensive review of the problems of gear lubrication and 
briefly touches on both the theoretical and experimental 
theories or explanation suggested to account for the load- 
carrying capacity of gears. Gear failures and the cause 
of their failures are discussed. Hardy [293] reviews 
mechanical failures that occur in small mechanisms. 

Oil-Film Thickness Measurements. Developments of tech- 
niques for the measurements of oil-film thickness between 
gear teeth and rollers have been reported. Crook [294] 
reviews the advantages of and the results obtained with 
the capacitance method described in an earlier paper. 
El-Sisi and Shawki [295] use the resistive technique for 
oil-film measurement, using from 1 to 4 per cent of sodium 
petroleum sulfonate in Castrolite, a 20 oil, which renders 
the oil conductive. Film thicknesses between rolling 
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and sliding disks were measured with this technique. 
The authors report that the film thickness increases for 
pure rolling conditions with an increase in oil viscosity, 
and decreases with an increase in both oil temperature 
and applied loads. The coefficient of friction increases 
with increased sliding and increased loads. 

MacConochie and Cameron [296] have measured the 
oil-film thickness between meshing gear teeth on the 
evidence that when a constant current is passed between 
two surfaces separated by an oil film the voltage break- 
-down is proportional to the film thickness. The work 
was performed on a 5-in-center gear machine using gears 
with 0.001 and 0.003-in. tip relief and combinations of 
19/40 teeth and 30/30 teeth. One of the shafts of the 
gears was electrically insulated. The results of the test 
show that there is a considerable thickness of oil 
(roughly 10~* in.) at the pitch point and that it is in- 
dependent of load. There is some evidence of contact 
at the tip and the root of gears. The oil-film thickness 
increases with viscosity and decreases with load. 

Continuing work done on shock loads in heavily 
loaded rear axles, Powell and Barton [297] use strain 
gages to measure dynamic torque on the axles of vehicles 
with four different axles. Sliding velocities based on the 
sliding at the mean radius of the ring gear were computed 
for each case. From these calculations, it is shown that 
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Rotiinc-element bearing literature generally reflected 
existing problem areas. The subject matter of published 
works could be divided into several broad classifications: 
(a) Dynamics and kinematics, (4) elasto-hydrodynamics, 
(c) materials and designs, (d) lubrication, (e¢) fatigue, 
(f) high temperature, (g) vibration and noise, (+) torque 
characteristics, (#) special topics. 

Dynamics and Kinematics. Reichenbach [300] studied the 
friction of balls rolling between flat plates and in V- 
grooves and concluded that the spinning action of the 
ball on a bearing race should account for the major por- 
tion of the power loss in a thrust-carrying ball bearing. 
A method for obtaining a general solution defining the 
loading and attitude for each rolling element of each 
bearing in a system of any number of bearings is pre- 
sented by Jones [301]. Elastic yielding of the supporting 
structure as well as centrifugal and gyroscopic loading of 
rolling elements is considered in Jones’ solution which 
makes more accurate life estimates possible. In another 
paper Jones [302] discusses the approach to the general 
solution of the load distribution within a ball bearing 
and for a multiple-bearing system. Ortman [303] dis- 
cusses bearing-equilibrium equations and axial and 
radial-yield rates. The various factors which enter into 
rolling friction are discussed by Drutowski [304]. 
Ball-bearing problems such as deflections, torque, and 
anisoelasticity are reviewed by Cherwin [305] relative 
to their use in gyros. Johnson [306] presents an experi- 
mental investigation of slip patterns in elliptical contact 
areas and the effect of elastic compliance on the frictional 
spinning moments. 


5 Head, Bearings Section, NASA, Lewis Research Center, Cleveland, 
Ohio. 
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increases in pinion offset and gear ratio both tend to in- 
crease the sliding velocity of hypoid gears. Gear load- 
ings were obtained during actual operation of an M-37 
and an M-211 Army truck running under high-load con- 
ditions. Shock loads of over 10,000 Ib per inch of face 
were recorded during gear shifts. The sliding velocity 
at that point was 7.4 fps. 

Nelson and Valentine [298] underline the major dif- 
ferences existing between transmission and rear-axle 
lubrication requirements. Loads transmitted, operating 
temperatures, rolling and sliding velocities are different 
in each case and thus call for different lubricants. Rear 
axles further have higher load-carrying-capacity re- 
quirements as they see both the engine and the transmis- 
sion torque. 

G. Maurer [299] reports on research done on the lubri- 
cation of heavy-duty open gearing. Splash, pressure, 
and intermittent lubrication techniques are discussed. 
Various lubricants were tested in the following manner. 
Large gears were covered with lubricant, operated and 
checked for film breakdown. Lead-napthanate-base 
lubricant showed an increase in endurance with viscosity. 
The endurance of grease films was independent of grease 
hardness. Residual-base lubricants with EP additives 
show an increase in endurance with an increase in vis- 
cosity up to 3000 ssu at 210 F. 


By William J. Anderson® 


Collectively, these papers advance our knowledge of 
why ball bearings behave as they do by providing in- 
formation on the basic mechanism of rolling friction, 
the effects of spinning in the contact area on friction, 
and on the latest solutions of the equations describing the 
dynamic behavior of ball-bearing components. 

Elasto-Hydrodynamics. The subject of elasto-hydrody- 
namics, of extreme importance in the analysis of rolling- 
bearing lubrication, received some attention during the 
period. ElJ-Sisi and Shawki [307] present film thickness 
and friction data for two cylindrical disks in rolling con- 
tact with various degrees of sliding. Johnson [308] re- 
views the various elastic-contact stress problems for 
different types of relative motion and the solutions ob- 
tained in two and three dimensions. The pressure dis- 
tribution in the lubricant-film separating rollers has 
been computed for a Newtonian fluid and for a Maxwell 
fluid by Burton [309]. Burton found that shear elasticity 
can have effects of first-order significance. 

Materials and Designs. Research on bearing retainer and 
race materials was the subject of several papers. Wagner 
and Burwell [310] found that several heterogeneous 
alloys containing silver as a soft low-shear-strength phase 
showed wear properties superior to currently used stand- 
ard retainer materials. The effect of retained austenite 
in the structure of SAE 52100 steel on rolling friction, 
contact plastic deformation, and elastic limit was de- 
termined by Drutowski and Mikus [311]. In general, 
they found plastic deformation to increase with the 
amount of retained austenite. In measuring the elastic 

roperties of their test materials, they found an inversion 
Cstiven elastic limit and hardness. A further interest- 
ing aspect of their work is that plastic flow seemed to 
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correlate with elastic limit at low stress levels and with 
hardness at high stress levels. Elsewhere in this re- 
view, papers demonstrating a correlation between hard- 
ness and rolling fatigue life are reviewed. Recent de- 
velopments in aon -race and retainer design and ex- 
perimental work on materials are pre- 
sented by Sutton [312]. 

Lubrication. The lubrication of bearings with both con- 
ventional lubricants and nonconventional lubricants such 
as dry powders is the subject of several papers. Grease 
lubrication and the choice of oil viscosity for oil lubrica- 
tion are discussed in [313]. Data on the effects of radia- 
tion on synthetic and hydrocarbon oils and the lubrica- 
tion of antifriction bearing with solid lubricants are 
presented by Marles [314]. Jost [315] discusses the use 
of molybdenum disulfide as an aid to mounting, running- 
in, and lubricating antifriction bearings. Booser [316] 
reviews developments over the past decade in new com- 
positions and application practices for greases for ball 
and roller bearings. Sasaki, et al. [317] found that oil- 
mist lubrication of tapered roller bearings lessens friction 
considerably when compared to oil-jet lubrication. A 
theory concerning friction moment and temperature rise 
is deduced and found to agree moderately well with ex- 
perimental results. In another report on cylindrical 
roller bearings Sasaki, et al. [318] present an analytical 
treatment of grease lubrication of a cylindrical rolling 
contact in which the grease is assumed to be a Bingham 
fluid. Expressions for pressure distribution, volume 
flow, load capacity, and friction are developed and the 
shave of the zone in which no flow occurs is defined. 

Fatigue. Work on fatigue is reported by several re- 
searchers. Milne and Nally (3191 used a fatigue tester 
patterned after the modified 4-ball machine to obtain 
data showing that pitting is influenced both by the na- 
ture of the contacting surfaces and the inherent proper- 
ties of the specimens. Baughman [320] found that the 
fatigue life of M-5O steel increased with increasing hard- 
ness, decreasing surface finish, and increasing grain size. 
Lohmann and Schreiber [321] conducted experimental 
investigations on the load-life exponent and found them 
to be 3 for point contact and 4 for Fine contact. Schreiber 
and Ulsenheimer [322] present a thorough summary 
article on rolling fatigue which discusses the factors 
affecting fatigue and two fatigue theories. Carter, et al. 
[323] found that the fatigue life of four high-temperature 
tool steels increased continuously with hardness. No 
correlation was found between fatigue life and elastic 

roperties such as elastic limit. Carter and Zaretsky 

325] studied the effect of stress, temperature, and lubri- 
cant type on the fatigue life of a crystallized glass 
ceramic. An inverse-12th-power relationship between 
stress and life was found and life at 700 F was about '/; 
that at room temperature. Akaoka and Hirasawa 
[325] conducted fatigue tests with two rollers rolling 
with various degrees of sliding. Sliding in the direction 
opposite to rolling decreased fatigue life, and sliding in 
the direction of rolling increased life compared to 
pure rolling. The effects of sliding in the contact zone 
on rolling fatigue are of extreme interest at present be- 
cause of the poor fatigue performance of many high- 
contact-angle ball thrust bearings. Sliding is believed 
to be detrimental to rolling fatigue, but to date no re- 
search on this problem has hae published. 
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High Temperature. Many problems still remain to be 
solved in the high-temperature-regime area. Bisson, 
et al. [326] describe lubrication studies to 1000 F with 
both sliding-friction apparatus and small ball bearings. 
Experiments with electric-motor ball bearings equipped 
with carbon retainers running at 500 C are reported by 
Bowen [327]. Glaeser [328] describes life tests of two 
types of roller bearings with two oscillation amplitudes. 
Schuller and Anderson [329] studied the effect of load, 
speed, and temperature on the actual oil-flow require- 
ments of ball bearings at DN values to 1 million. Mac- 
Kenzie [330] discusses race and separator materials suita- 
ble for temperatures to 1000 F, and promising high- 
temperature lubricants. The development of tool- 
re pen cermet roller bearings for unlubricated use at 
temperatures to 1500 F is reported by Westmoreland and 
Hanifin [331]. McMullan [332] discusses both race and 
retainer materials suitable for various temperature ranges 
up to 1500 F. Air Force-sponsored research and de- 
velopment work on high-temperature airframe bearings 
and accessory bearings for —65 to +1200 F operation are 
summarized by Hanlon [333]. Johnson [334] reports 
fatigue-test results obtained with ball bearings operating 
submerged in a silicate ester at 450 F. AFBMA-pre- 
dicted lives were obtained. Anderson and Bisson [335] 
present research results on mist-lubricated ball bearings, 
dry ball bearings, and gas bearings. White [336] re- 

rts endurance and friction data for 20-mm-bore bear- 
ings lubricated with saturated felt rings at 10,000 rpm 
and ambient temperatures to 400 F. Wearing or break- 
ing of the separator was the most common cause of fail- 
ure. 

Vibration and Noise. Vibration and noise were the subject 
of five papers. Morrison and Tallian [337] describe a 
method of vibration-spectrum analysis for selecting 
quiet bearings; surface waviness is correlated with bear- 
ing noise. Tallian, et al. [338] discuss the use of a 
velocity-type pickup for analyzing bearing noise and 
material heat-treatments for maximizing resistance to 
plastic flow. Hay [339] describes a resonant-frequency 
method of determining ball-bearing preload. Igarashi 
and Iida [340] have analyzed the axial vibrations of 
small ball bearings and have developed a method for 
calculating the frequency on the basis of the theory of 
elasticity and nonlinear vibration. Igarashi [341] 
carried out an experimental investigation of ball-bearing 
noise in which the noise was found to be due mostly to 
vibrations of the outer race which include radial and 
axial bending. 

Torque Characteristics. A study of the torque character- 
istics of small, grease-packed ball bearings was made by 
Lawrence [342]. Experimental and theoretical data on 
the kinematic torque of gyro gimbal bearings are pre- 
sented by Antrim [343]. 

Special Topics. In the category of special topics, Wood 
[344] describes the use of an electronic bearing analyzer 
which identifies unserviceable bearings by locating the 
position and size of flaws, whether on the outer race, 
inner race, retainer, or balls. The analyzer is also said 
to be capable of indicating relative torque, surface finish, 
and the presence of contaminants in the lubricant. 
Lane, et al. [345] describe the Rotorace gyro-bearing 
system which reduced gyro drift rate by an order of 
magnitude compared to conventional precision gyros. 
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Mucus of significance and interest appeared on fluid- 
film lubrication research in a period of high mathematical 
activity accompanied by great productivity from the 
digital computer. More than the usual number of 
solutions of the Reynolds equation appeared for a variety 
of bearing-film configurations and conditions including 
compressibility, cavitation, turbulence, variable vis- 
cosity, and dynamic loading. Experimental activity 
during this period, while not as great as the mathemati- 
cal activity, served to confirm theoretical assumptions 
in many areas. In general, a high volume of useful 
data appeared for bearing designers. 

Partial Journal Bearings, Cavitation. The challenging mathe- 
matical problem of cavitation in oil films has been ably 
explored in a series of papers by Jakobsson and Floberg 
[346] who have contributed equations describing mathe- 
matically the continuity of flow at the boundaries sur- 
rounding the oil and gas strips observed in ruptured 
films. In their latest paper, design data including the 
effect of cavitation are given for the partial bearing. 
Another paper by Floberg [347] gives data for the journal 
bearing with axial side grooves and includes cavitation 
effects. Earlier papers by Cameron and Wood [348] on 
the full journal bearing and by Raimondi and Boyd 
(349] on the partial bearing have been of interest in that 
they arbitrarily assumed the cavitated region to be at 
ambient pressure. In a recent paper, Floberg [350] 
agrees that such an assumption may be valid because air 
in an oil film may be expelled in the ruptured region to 
eventually equalize pressures to the ambient value. He 
also shows by examples of films in partial bearings that 
cavitation influences the pressure distribution in the 
uncavitated film but that the effect on load capacity is 
slight. However, on the basis of his experimental 
findings on the influence of cavitation on friction and 
power loss, Floberg [351] shows that calculation of 
friction in the cavitated film is nearer correct than using 
the assumption that the ruptured region is either a full 
oil film or an air film. 

Using the assumption of ambient pressure in the rup- 
tured film, Raimondi [352] presents mathematically de- 
termined data for the finite 120-deg partial bearing with 
the load acting in an arbitrarily oriented direction de- 
parting from the simpler loading with the load line bi- 
secting the 120-deg arc. His curves of journal loci show 
that loads offset in the direction of rotation give superior 
performance to those oppositely offset. Jacobson and 
Saibel [353] investigate the fitted partial bearing for 
which they present an exact mathematical solution for 
both the finite and infinite cases and determine numerical 
data on the load capacity and friction of 60 and 120-deg 
bearings. 

Films Between Rolling Cylinders. Particularly interesting in 
connection with cavitation boundary evaluation is 
Floberg’s paper [354] on the theoretical load capacity of 
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an incompressible, infinitely wide film between a ro- 
tating cylinder and a moving flat surface. He shows that 
the load capacity is reduced as the extent of the film in 
the in-flow wedge is reduced, showing steep reductions 
as this extent approaches zero. Srinvisan [355] applies 
Floberg’s technique to the film between two rotating 
cylinders and finds that the result is the same as 
Cameron's solution [356] for load capacity when there is 
a full extent of in-flow wedge. From measurements of 
film thickness by air gages, he finds a relatively close 
agreement between experiment and theory for a wide 
range of relative velocities of the rotating cylinders so 
long as there is a sufficient in-flow wedge. With a 
starved wedge, however, it is found that load capacity 
falls steeply on either side of the pure rolling condition, 
which explains the form of the curves obtained earlier 
by El-Sisi and Shawki [357]. 

Journal-Bearing Mathematics. Mathematical techniques 
for the solution of film forces in finite journal bearings 
with fully continuous films at constant viscosity were 
presented in a number of papers. Hays [358] contributes 
the use of a theorem by Helmholtz and Kortweg which 
states that the true motion of the fluid is one for which 
the difference between the dissipation within a region 
of the film and two times the work done by the surface 
forces is a minimum. By employing the variational 
calculus to meet the conditions of the theorem, he de- 
termines a solution in series form and shows that it is 
also a solution of the Reynolds equation. In this and 
another paper [359], Hays presents data, curves, and 
examples for the designer. 

Fedor (360] makes available another interesting exact 
mathematical technique utilizing the Fourier series and 

resents the solution in one of the simplest algebraic 
lenin available for determining the load capacity of the 
finite journal bearing with a circumferential feed pressure 
at one end. Although the film is fully continuous, a 
sufficient feed pressure may produce positive pressure 
throughout the film. 

Tao [361] presents still another tool for the exact solu- 
tion of Reynolds equation for the finite bearing with full 
film. By separating variables and by additional trans- 
formations, he arrives at Heun’s equation, a compara- 
tively little-known equation, from which pressure dis- 
tribution, load capacity, and friction functions may be 
determined. In another paper [362] the same mathe- 
matical technique is applied to effect a solution for the 
finite film but with variable fluid viscosity. 

Dynamics Loads, Whirl. Several papers appeared dealing 
with problems of the dynamic loading of bearing films. 
Two papers on journal-bearing instability offer theories 
to explain the many contradictory phenomena observed 
about whirl behavior. Sternlicht, Poritsky, and Arwas 
[363] present their mathematical approach for deter- 
mining the transient and steady-state motions of the 
journal of a finite bearing with both incompressible and 
compressible fluids. Extending the previous work of 
Sternlicht [364], exact film-force functions are incor- 
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porated including the velocities of the journal center. 
Some finished data are given on predicting the threshold 
of instability for an externally pressurized journal bear- 
ing under a nonrotating state. Another paper by Hori 
[365] offers experimental data and plausible qualitative 
explanations for the different types of instability based 
on the mathematical analysis of a journal bearing with a 
x film and without end leakage. 

Jennings [366] has successfully obtained mathematical 
transient and steady-state whirl paths of a journal by 
solving the equations of motion on an electronic analog 
computer. Film forces are based on the short bearing 
approximation with 7 film, and the effect of journal- 
center velocity is included. Journal mass is shown to be 
an important factor in the size of the whirl orbit. By 
experimentation, Hull [367] shows that oil-whip fre- 
quency and amplitude may be effectively controlled by 
controlling the speed of a sleeve between journal and 
bearing. Rotating the intermediate sleeve opposite to 
journal rotation reduces whirl frequency to very much 
less than one-half and also markedly reduces the ampli- 
tude of whirl. Brix [368] shows results of whirl meas- 
urement in gas bearings, where whirl is due to rotor un- 
balance and occurs at rotor speed. He compares data 
with simple-vibration theory where the gas film is the 
spring. 

Nahavandi and Osterle [369] show by an exact mathe- 
matical treatment the interesting result that the plane 
thrust bearing, often regarded as having no load capacity, 
may indeed have a high capacity equal to the tilting-pad 
thrust bearing, if the surfaces vibrate due to a built-in 
wobble or due to axial bounce. 

Sliders With Liquid and Gas Films. Through the use of 
newer mathematical techniques and the digital computer, 
the volume of useful data on the finite slider with in- 
compressible or compressible fluids has been greatly in- 
creased. Although the case of the finite slider with 
constant-viscosity liquid film has been previously solved, 
two recent papers offer different mathematical techniques 
for the solution of the Reynolds equation and contribute 
an additional range of needed data. Hays [370] utilizes 
the method of separation of variables and the use of 
Bessel functions to obtain a convergent-series solution, 
and Jakobsson and Floberg [371] use a numerical method 
to obtain a solution satisfying the Reynolds equation. 
Both solutions are in close agreement according to 
Floberg [372] who takes the next step, using his slider 
data to determine design data for tilting-pad thrust 
bearings and a procedure of design for minimum power 
loss and optimum number of pads. 

A thorough study of the finite slider with gaseous 
lubricant is reported by a team of investigators in three 
papers: (4) By Gross [373] who carefully reviews lubri- 
cation theory and presents the mathematical solution for 
compressible slider films in both isothermal and adiabatic 
flow and with flat and crowned slider surfaces; (6) by 
Michael [374] who presents the numerical solutions by 
digital computation; and (c) by Brunner, Harker, Haugh- 
ton, and Osterlund [375] who show experimental data 
for carefully finished flat and crowned sliders. The 
agreement of mathematical data with experimental is 
excellent, but better agreement is shown for the iso- 
thermal case. An interesting result is the confirmation 
of theory showing that a flat slider may choose between 
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two film thicknesses one of which is unstable, whereas 
sufficient crowning of the surface makes the slider stable. 
Brody [376] extends the work of Gross and Michael and 
presents additional computer data for the finite flat slider 
with isothermal gas flow. 

The infinitely wide parallel-stepped slider with gaseous 
fluid is explored by Kochi [377] who presents a rigorous 
mathematical solution including isothermal compressi- 
bility of the gas. He employs a graphical method to 
solve equations for pressure distribution and load capac- 
ity and presents examples and curves for design. In- 
teresting comparisons are made of the bearing charac- 
teristics with cases where the fluid is either fully in- 
compressible or fully compressible. 

Hydrostatic Bearings (Liquid and Gas). Equations and data 
highly useful to the designers of hydrostatic thrust 
bearings are given in a number of papers for a variety of 
bearing configurations with different types of flow re- 
striction. Among the many interesting mathematical 
solutions of fluid-film problems is that of conformal 
mapping which Raynor and Charnes [378] use in con- 
nection with flat hydrostatic thrust pads. They present 
the key mapping functions for the determination of 

essure distribution, load capacity, and oil flow of 
incompressible films in bearings of circular, square, 
elliptical, and strip shape—all with a central feed source. 
Elwell and Sternlicht [379] give useful mathematics and 
data for the design of two types of circular hydrostatic 
bearings—the plain step bearing, and the annular pocket 
bearing. What is more important, they show the dif- 
ferences in the load capacity, fluid flow, and film stiffness 
of these bearings as influenced by three different flow 
restrictions, namely, capillary, orifice, and constant flow. 
Extensive experimental data are presented and excellent 
agreement is shown for the mathematical data. A simi- 
lar paper by Sasaki, Mori, and Hirai [380] deals princi- 
pe with the mathematics of hydrostatic bearings 

aving capillary and orifice restrictions. However, the 
bearing configurations considered are not only for the 
circular plain bearing but for the spherical and conical 
bearings as well, all of which are shown to be of the 
same family of types. The circular hydrostatic bearing 
with a gaseous fluid is treated by Laub [381] who presents 
a rigorous mathematical solution for load capacity and 
flow, accounting for the compressibility of the fluid under 
isothermal expansion with an orifice restriction in the 
system. Experimental data for a range of step ratios 
and plenum feed pressures are presented and show ex- 
cellent agreement for the mathematical solution. In a 
paper for designers, McNeilly [382] reviews the behavior 
and equations of the hydrostatic air-thrust bearing with 
restriction formed by the annular orifice of the film gap. 
Using this basic model, he derives the performance to a 
expected from a thrust plate between two opposed but 
fixed pads, and extends this second model to predict the 
performance of a journal bearing with a series of pairs of 
circumferentially placed pads. 

Non-Newtonian Films. Several papers dealt with the com- 
coe problem of predicting the load capacity and 
riction of bearings with non-Newtonian fluids. Horo- 


witz and Steidler [383] present mathematical data on 

journal bearings without end leakage to compare load 

capacity and friction of shear-sensitive ee oils with 
e 


those of normal mineral oils having the same viscosity 
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at low shear rate. Under constant-temperature condi- 
tions, both capacity and friction are lower for polymer 
oils. However, with temperature rise taken into ac- 
count, polymer oils may exhibit load capacity and fric- 
tion as high as certain normal oils because their viscosity 
index has been improved by the polymer. They do not 
find, as several experimenters have found, that the load 
capacity may be greater with the advantage of lower 
friction. DuBois, Ocvirk, and Wehe [384] present their 
work on finite journal bearings and their dificulties in 
attempting to show a correlation of mathematical analy- 
sis with experimental data which show that a polymer 
oil has superior load capacity to a normal oil when the 
friction of the two oils is the same. Burton [385] 
presents an interesting mathematical paper treating the 
complicated fluid as a Maxwell fluid taking shear elastic- 
ity into account as well as viscous flow. Inclusion of 
shear elasticity in the equations yields a relaxation 
number which is shown to have a first-order influence in 
reducing the load capacity and friction of a pair of rolling 
disks in contact without end leakage. Sasaki, Mori, and 
Okino [386] also deal with the no-side-leakage rolling- 
contact case, but the fluid is grease and their mathemati- 
cal solution is based on the Bingham plastic model which 
includes the shear yield strength of the fluid. Core zones 
of equal velocity in the film profile are shown, and equa- 
tions show that as the velocity of the surfaces is increased 
the influence of the shear yield strength decreases to a 
point where the behavior is Newtonian. 

Turbulent Films. Complications about viscous shear are 
also manifest in dealing mathematically with turbulent 
flow in bearing films. Two mathematical papers ap- 
peared on the prediction of load capacity and power loss 
of infinite sliders with turbulent liquid films. Chou and 
Saibel [387] derive a nonlinear, partial differential equa- 
tion for turbulent lubrication utilizing Prandtl’s mixing- 
length theory and achieve a simpler equation by dropping 
negligible terms. Subsequent integrations for velocity 
and pressure distribution as well as for load capacity 
and power loss yield closed-form equations based on two 
terms of a power series. The authors show that both 
load capacity and power loss of the slider are increased 
by turbulent flow over laminar flow, depending on the 
value of an undetermined experimental constant. Tao 
[388] also presents a differential equation for turbulent 
lubrication but based on Blasius’ power law of friction 
with two constants to be determined experimentally, the 
constants being well known for laminar flow. Inte- 
grations yield closed-form expressions for load capacity 
and power loss in terms of Reynolds number as a direct 
parameter. A numerical — is shown where, on 
the basis of a given maximum film pressure, the pressure 
distribution fs turbulent film gives a somewhat greater 
load capacity than a laminar film. 

Misaligned Gas Bearings. Ausman [389] deals with the 
mathematical relationships of a compressible film in a 
journal bearing when the journal axis is misaligned at an 
angle about the bearing center. By assuming a power 
series for the pressure distribution to satisfy Reynolds 
equation, he achieves a solution from a first-order per- 
turbation giving both the pressure distribution and the 
resultant torque. Characteristic curves are shown and 
are held to show reasonable first-order magnitude of 
torque when the angular misalignment is small. 
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Oil-Ring Bearings. From bearing experiments with many 
sizes of oil rings, Lemmon and Booser [390] present useful 
empirical formulas for the quantity of oil delivered by 
the ring to the bearing. Moreover, formulas are given 
for predicting ring speed when: (a) There is no slip be- 
tween ring and journal, (4) slip begins, and (c) the ring is 
slipping due to a hydrodynamic film separating it from 
the journal. Rubbing of the ring at the ring-slot sides 
is shown to have a serious effect on the quantity of oil 
delivered, while depth of immersion in the oil bath is a 
minor variable. 

Electricity in Bearings. Kaufman and Boyd [391] show in- 
teresting experimental data of the effect of oil-film thick- 
ness on the pitting of bearing surfaces due to electrical 
current. Pitting is shown to be negligible when the 
film is very thick and also when good metal contact is 
achieved at zero film thickness. However, at some in- 
termediate film thickness, pitting is at a maximum and 
occurs at a rate depending upon voltage applied and elec- 
trical-circuit resistance. In another paper Boyd and 
Kaufman [392] show photographs of pitting damage 
and discuss how damage occurs, how it may be detected 
and reduced. Saloman [393] presents a survey of electrical 
bearing damage and the possible theories to explain dam- 
age of the metal and fluid. He proposes that shock 
waves may be the primary cause and that the film may 
change from an insulator to a conductor as it becomes 
thinner. 

Bearing Design. Certain ay ge were liaison vehicles be- 
tween research and design for the benefit of the everyday 
designer of bearings. Ina series of several papers, Rippel 
[394] offers a modern manual for the detailed design of 
sleeve bearings with full hydrodynamic film, with mar- 
ginal films, and with boundary lubrication. He presents 
an wnt, design chart showing conditions where a 
bearing may be too short, too long, too heavily loaded, or 
inclined to be unstable. DeHart [395] broadly covers the 
entire field of bearings by listing all of the types of 
fluid-film and rolling-element bearings and rating them 
according to the type of service to which they are sub- 
jected. 

Gas-Bearing Symposium. Excellent papers from many 
countries were presented at the International Symposium 
on Gas Lubricated Bearings held at Washington, D. C., 
in October, 1959. Many were reviews and surveys of 
research in specific countries while others were new 
mathematical or experimental-research offerings. Pa- 

rs were offered by S. Whitley [396] and H. Sixsmith 

397] of England; M. Graneck and J. Kerr [398] of Scot- 
land; N. Tipei and V. N. Constantinescu [399] of Rou- 
mania; R. Comolet [400] of France; G. Heinrich [401] of 
Austria; T. Sasaki and H. Mori [402] of Japan; A. Slibar 
[403] and H. Drescher [404] of West Germany; and M. 
Reiner [405] of Israel. Papers from the United States 
were by D. D. Fuller [406]; H. G. Elrod and A. Burgdor- 
fer [407]; B. Sternlicht, H. Poritsky, and E. Arwas 
[408]; J. S. Ausman [409]; W. A. Gross [410]; H. C. 
Rothe [411]; Z. N. Nemeth and W. J. Anderson [412]; 
G. K. Fischer, J. L. Cherubim, and O. Decker [413]; 
J. H. Laub [414]; and G. R. Fox and H. J. Sneck [415]. 
The very large task of editing and publishing the Pro- 
ceedings of the Symposium was undertaken by The 
Franklin Institute who also conducted the meetings, and 
by the Office of Naval Research who sponsored them. 
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Additives. A study of the effectiveness of oxidation 
inhibitors in insulating and lubricating oils was made by 
Brook [416]. The mechanism of inhibited oxidation was 
demonstrated by correlating the reactivity of oils toward 
tert-butoxy free radicals with the reciprocal of the in- 
duction period observed when these oils, inhibited with 
phenolic-type inhibitors, were oxidized in laboratory 
oxidation tests. 

Prizer (417] investigated the application of methacryl- 
ate polymers as VI improvers, pour-point depressants, 
and low-temperature sludge dispersants in the formula- 
tion of lubricants for use over the entire range of tem- 
peratures encountered in operation of military aircraft. 

Some of the effects of extreme-pressure or boundary- 
lubricant additives on metal sodnans were studied by 
Bennett [418]. Major emphasis was placed on investi- 
gating the mechanism of the action of zinc dithiophos- 
phate additives because of their widespread use in auto- 
motive-crankcase lubricants. Hugel [419] studied the 
chemical nature of extreme-pressure lubrication with 
several organometallic complexes, which were found to 
produce beneficial solid films on rubbing surfaces at high 
temperatures and pressures. Increasing the detergency 
of the base oil was found to result in improved perform- 
ance of the extreme-pressure additive. 

A new testing apparatus was described by Oakes [420] 
and used to evaluate sulfurized oils, chlorine compounds, 
and chlorosulfurized additives. Polysulfides were found 
to be more effective EP agents than disulfides. The 
load-carrying capacity of both chlorinated and sulfurized 
oils appeared to be affected by the olefin type. 

Murray [421] investigated the effect of extreme-pres- 
sure gear-lubricant additives on elastomeric vulcanizates 
used for the fabrication of oil seals. Possible chemical 
reactions between additives and elastomers; the effect of 
temperature, additive concentration, and sludge; and 
methods of inhibiting elastomer deterioration were 
studied. 

The mechanisms of formation and removal of extreme- 
pressure films were investigated by Loeser, Wyquist, and 
Twiss [422] under both static and dynamic conditions, 
using radioactive phosphorus incorporated in the zinc 
dialkyl dithiophosphate additive as a tracer. The 
amount of film increased with increasing oil temperature. 
Dynamic tests also resulted in increased film thickness, 
indicating the marked effect of surface temperature and 
pressure. 

Analysis, Testing, and Evaluation. Many new or revised 
standards for the testing of petroleum products and 
lubricants were issued by ASTM [423]. A number of the 
more widely used lubricant tests were reviewed and their 
significance discussed [424]. 

A method for the analysis of fatty-acid esters by gas 
chromatography was reported by Brenner, Scholly, and 
O'Brien [425]. The method makes possible rapid and 
accurate analysis of complex mixtures and should prove 
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a valuable tool in the analysis of lubricating oils and 
greases. 

Gibb and Gibson [426] developed an improved titri- 
metric method for the determination of the acidity of 
dark lubricating oils. The procedure is based on the use 
of a special fluorescent indicator. 

An electrochemical method for the investigation of the 
micelle structure of detergent lubricating oils was re- 
ported by Bernelin [427], who used the method to demon- 
strate the existence of ionic colloids in hydrocarbon solu- 
tions of detergents. 

Kikuchi [428] reviewed the subject of sulfur com- 
pounds in lubricating oils. Among the topics discussed 
were the types of sulfur compounds occurring in crude 
oils; separation and analysis of sulfur apr pre in 
petroleum; desulfurization of lubricating oils; oxida- 
tion inhibiting, corrosion preventing, and extreme- 
pressure properties of sulfur compounds; and effects of 
sulfur compounds in lubricating oils. 

The subject of deposits from lubricating oils during 
usage was reviewed [429]. The determination of the 
nature and source of deposit components and the condi- 
tions which cause them were summarized, and specific 
cases were presented to show how suitable analysis of 
deposits indicaced their causes and pointed to solutions 
to a variety of deposit problems. 

Ronan and Sx pon [430] discussed the use of a num- 


ber of modern analytical devices and described their 
application in the solution of practical problems in 


grease lubrication. A rapid method for the analysis and 
evaluation of lubricating greases was presented by 
Chamberlin, Carter, and Dreher [431]. 

Pavelescu and Iliuc [432] utilized radioactive tracers 
and a Geiger-Miiller counter to investigate the effect of 
viscosity on lubricant-film thickness. Two methods for 
measuring film thickness are described. 

A critical review of the widely used cloud and pour- 
oint methods as means of assessing low-temperature-use 
imits of lubricants was presented by Hutton [433]. 

The shortcomings of these methods are discussed and 
evidence presented that they should not be used as 
criteria of flow properties. Some of the mechanisms by 
which additives increase fluidity are also discussed. 

A study of the kinetics of vaporization of petroleum 
lubricating oils was reported by Vepeun [434]. Evapo- 
ration rates were determined by measurement of weight 
loss of thin layers of oil on strips of paper. 

Barger, et al. [435] described a rapid method for meas- 
uring the heat capacities of lubricating oils over extended 
temperature ranges. The design and operation of a 
simplified semiadiabatic calorimeter and a method of 
calculation are outlined which permit determination of 
heat capacities with less than 5 per cent error. 

An improved rotary bomb oxidation test is reported by 
von Fuchs [436]. The test permits rapid evaluation of 
the resistance of all types of Tehelconns to oxidation and 
sludge formation under dynamic equilibrium conditions. 
The test can be used to determine oxidation and hydro- 
lytic stability, inhibitor susceptibility and corrosivity 
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to metals, as well as mutual compatibility of new and 
used oils and oil service-life expectancy. 

A research study of the basic rate-controlling mecha- 
nism in laboratory-scale investigations of lubricating-oil 
oxidation was reported by Tse [437]. The difficulties 
encountered and factors to be considered in making this 
chemical-reaction kinetics study were discussed. 

Pohorilla and Hart [438] describe equipment and a pro- 
cedure for a simple laboratory oxidation test for gear 
lubricants under conditions simulating operating en- 
vironments. Test data indicate correlation with field 
experience with inhibited straight-mineral-oil systems. 
A program for the development of reliable test techniques 
for the evaluation of the thermal-oxidation stability of 
gear lubricants was reported by Meckel and Quillian 
[439]. Investigation of thermal-oxidative degradation 
phenomena was facilitated by isolation of oxidative and 
temperature effects. 

Yanis and Wolfe [440] described a program for the 
evaluation of cutting fluids. Preliminary screening 
tests were used to select the most promising materials for 
further evaluation in machinability tests. The results 
showed good correlation with field experience. 

A simplified laboratory method, utilizing the combined 
data from Falex, Timken, and 4ball test machines for 
the evaluation of the load-carrying capacities of gear oils, 
was reported by De Ardo and Sargent [441]. The method 
was applied to typical commercial heavy-duty gear oils 
and was found capable of classifying them. 

Hirano and Yamamoto [442] used the 4-ball tester to 
investigate the effect of solid particles on the performance 
of lubricating oils. The effects of hardness, particle 
Abrasive 


concentration, and oil viscosity were studied. 
wear increased with increasing particle hardness. 

A reproducible rust test for greases, capable of pro- 
viding a quantitative distinction among greases with 
varying rust-preventative capacities, is reported by Fisch, 
Messina, and Gisser [443]. 


Greases. riddle and Dreher [444] investigated the 
yield points of lubricating greases. Using a specially 
developed stress-strain apparatus, the yield points were 
found to be dependent on three variables—trate of de- 
formation, type of deformation (compressive or shear), 
and the work history of the grease. Stress-strain curves 
for lubricating greases were found to be similar in char- 
acter to those obtained for metals. 

The Bingham body concept and the theory of rate 
processes were used by Sisko [445] to develop a general 
equation for the flow of non-Newtonian fluids. The 
equation was found to describe accurately the flow of the 
greases studied over a shear-rate range from 0.04 to 
22,000 

Yamaguchi and Oki [446] carried out plastometric 
measurements of the flow properties of greases. The 
existence of creep phenomena was noted in each grease 
tested. It was experimentally shown that syneresis in 
grease proceeds in Siew roportion to creep, and that the 
firmness of grease can be approximately expressed by 
Nutting’s formula for the firmness of viscoelastic bodies. 

An equation for expressing the flow of lubricating 
greases over the shear-rate range from 10~* to 10‘ sec! 
was developed by Sisko, Brunstrum, and Leet [447], who 
applied it successfully to data from capillary viscometers, 
a cone and plate viscometer, and pipes. Calculated 
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velocity profiles corresponded closely to experimentally 
measured results. 

Bauer, et al. [448] studied the effects of temperature 
on the flow properties of greases in capillary and in cone- 
and-plate viscometers. Results indicated that various 
structural elements in greases have different temperature 
coefficients of resistance to flow and behave differently in 
the two types of viscometers. 

A method of using capillary viscometry data for pre- 
dicting grease flow in centralized grease-dispensing equip- 
ment was reported by Savins [449]. The method differs 
from earlier similar methods in that it provides a cor- 
rection for the “‘end effects’’ characteristic of efflux-type 
viscometers, thus permitting more accurate correlation 
with grease flow in pipes. 

Borg and Leet [450] studied the effect of thickener 
particle dimensions on grease properties. The effects of 
the length-to-width ratio of thickener on mechanical 
stability, age hardening, and grease leakage of lithium- 
hydroxystearate mineral-oil greases were investigated. 
Increasing length-to-width ratio was found to result in 
increased mechanical stability, increased grease leakage, 
and decreased age-hardening. 

Statistical methods were applied by Clifee and Pearson 
[451] to grease-penetration test data to determine the 
most suitable methods for control of the consistency of 
semifluid greases. Various rheometric methods were 
compared and their ranges of application determined. 

Radiation Studies. The effects of gamma radiation on 
aircraft-instrument lubricating oils were investigated by 
Rice [452]. Changes in the physical and chemical 
properties were shown as a function of increasing gamma 
exposure. Empirical equations were derived relating 
some of the observed property changes to the size of the 
radiation dose. 

Neely [453] compared the effects of irradiation on air- 
craft lubricants under static and dynamic conditions. 
The results indicated the need for dynamic tests in reactor 
radiation environments because of accelerated breakdown 
under these conditions. It was found that service life 
could not be predicted on the basis of static irradiation. 

A review of the problems in lubrication presented by 
nuclear power plants was presented by Williams [454]. 
The radiation stabilities of petroleum oils and com- 
mercially available silicone lubricants were compared. 

Fischer, Zack, and Warrick [455] studied the effect of 
radiation on the stability of several silicone greases. 
Considerable variation in radiation stability was noted, 
with stability increasing with increasing aromatic con- 
tent of silicone fluid. Radiation stability was found to 
be a function also of thickener composition. 

Rice and Kirk [456] reported on recent progress in the 
development of radiation-resistant fluids and lubricants. 
Data were presented on the effects of gamma radiation on 
various materials, showing their limitations. The 
polypheny! ethers were found to be outstanding in their 
stability toward thermal and nuclear radiation. 

Rheology. A nomograph for determining the viscosity of 
oil blends to within 2 per cent was developed [457]. 

A study of the flow mechanism of thixotropic sub- 
stances was carried out by Hahn, Ree, and Eyring [458]. 
A theory to explain thixotropy quantitatively is pre- 
sented, and, based on this, a system of flow equations is 
derived. The theory is applied to various substances. 
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Klaus, Jolie, and Fenske [459] investigated the effect of 
polymer structure on the viscosity properties of polymer 
solutions. The viscosity effects of linear polymers on 
their solutions were measured and compared for 12 
polymers representing eight molecular structures. 

O'Donnell [460] reviewed the subject of viscoelasticity 
in lubrication, discussing how viscoelastic effects occur 
in such mechanisms as high-speed bearings and gears, 
and under what conditions various fluids display vis- 
coelasticity. 

Miscellaneous. The role of solid additives in fluid lubri- 
cants was investigated by Herzig [461]. Using an 
empirical formulation, effects of particle dimensions 
aliments are quantitatively described with good 
agreement with experimental results. 

Vineall and Taylor [462] carried out an experimental 
investigation of the behavior of molybdenum disulfide as 
a lubricant. Lubricant properties both alone and in the 
presence of petroleum oils were evaluated. 

An apparatus for the investigation of lubrication and 
the evaluation of lubricants at extremely high tempera- 
tures was described by Bartel [463]. The apparatus was 
used to study glass and water-soluble-eutectoid salt 
mixtures as lubricants at temperatures to 1000 C. 

Saloman [464] studied the effect of electrostatic charges 
on machinery and lubricating oils. The effect on the 


formation of oil films and in pitting wear was investi- 
gated with a new explanation of the mechanism of wear. 

Dixon and Clark [465] synthesized four polyalkyl- 
benzenes and polyalkylcyclohexanes of the types sus- 
pected of being prominent in the lubricating-oil fraction 
of petroleum, and determined their ore ape properties. 

New fluoroester lubricants for high-temperature ap- 
o— were discussed by Ballard and Sommers [466]. 

hysical and chemical properties and laboratory per- 
formance-test results were reported for fluoroalky] cam- 
phorate and pyromellitate. 

Groszek and Bell [467] devised a method for using an 
electric-discharge detector to measure the vapor pressures 
of the liquid phase in soap-hydrocarbon systems. The 
results were used to construct desorption isotherms for 
the systems which in turn provided information con- 
cerning the surface area of the solid pow and the pro- 
portion of liquid present in pores small enough to depress 
the liquid vapor pressure. 

A systemization of the most probable states for solids- 
dispersed inorganic media was developed by Chessick 
[468]. Flocculation is explained on basis of (pri- 
mary) van der Waals attractive forces and secondary and 
tertiary attractive forces. Deflocculation is explained as 
due to steric hindrance, absorbed lyosphere, entropic 
repulsion, or double layer effects. 
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Left to right, new tire, 
condition after 9000 miles, 

and after 15,000 miles. 

Both nylon and Tyrex tire cords 
retained very high 

percentages of their original 
conditions under the 


same severe test conditions. 


Tire-Cord Failure 


Tire corpvs—both nylon and Tyrex viscose—maintain 
a high percentage of their original strength for up to 
100,000 miles of service. 

Cord fatigue, defined as ‘‘a gradual and continuous 


weakening of the cord to a point where it becomes so 
weak that it ruptures,”’ is not a factor in tire failure. 

The probable cause of cord failure is adhesion break- 
down, and mileage is not a reliable indicator of impending 


failure. Furthermore, the results hold true regardless of 
the severity of tire-service conditions. 

These are the principal conclusions of a two-year tire- 
research program eet aot by Fabric Research Labora- 
tories, Inc., an independent research company located in 
Dedham, Mass., and reported at the annual meeting of 
the Textile Research Institute. 

Tire cords studied were removed from: (@) Standard 
model 7.50 X 14 tubeless nylon and Tyrex tires driven up 
to 100,000 miles (recapped every 20,000 miles) at normal 
inflations and normal weight loads on New York taxis; 
and (4) standard model 6.70 X 15 tubeless tires driven up 
to 15,000 miles in Nevada at an average speed of 70 mp 
at extremely low inflation (18 psi where 28 psi was the 
manufacturer's recommendation) and heavily weighted 
(1172 Ib per tire). 

A severe Nevada test was conducted at the urging of 
tire and cord manufacturers who sought to find out if 
the results of an earlier New York taxi-fleet test—in 
which both nylon and Tyrex cords were found to retain 
most of their original strength after 100,000 miles of city 
driving—would be confirmed in tires driven at a 
speeds under extremely unfavorable conditions of in- 
flation and weight load. 

In the Nevada test, three types of tires were used: 
Tyrex 1650/2, nylon 840/2, and a German viscose 
1650/2. The latter was chosen because it uses an iso- 
cyanate cord adhesive claimed to have distinct ad- 
vantages in terms of adhesion and fatigue life. 
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The Nevada road test was carefully controlled and 
certain tires were removed for laboratory dissection and 
study after 1000, 3000, 9000, and 15,000 miles. 

During the entire 15,000 miles no tire failed due to cord 
failure. Rubber tread was adequate after 9000 miles but 
tires were essentially bald after 15,000 miles. Nylon re- 
tained 85 per cent of its original strength, Tyrex 82 per 
cent, and the German viscose 74 per cent after 15,000 
miles of road wear. Most of the small strength losses 
that did occur happened in the first 3000 miles and there 
was very little loss of strength after that. None of the 
cords had anything close to a dangerous strength loss. 

Cord strengths corresponded to those found in the 
New York taxi tires except that under the more severe 
service conditions of the Nevada test the major portion of 
strength loss occurred in 3000 miles as opposed to 15,000 
miles in the New York test. 

Because there were no cord failures it was not possible 
to determine any advantage for the isocyanate adhesive, 
although it was discovered after tire dissection that 
cords so treated were more uniformly coated with rubber 
than were the nylon and Tyrex. This might have signifi- 
cance at increased mileages. 

The upper sidewall region was found the weakest 
in the Nevada test, whereas the lower sidewall, or flex, 
region was the weakest in the New York test—a dif- 
ference which was almost certainly explained by in- 
flation levels and speed. 

It was concluded, after rather thorough tests of tires 
run under normal and severe conditions, “‘that currently 
popular tire cords—both nylon and Tyrex—maintain 
their strength integrity almost indefinitely in well-de- 
signed quality tires and the idea that they gradually 
weaken to a point where failure is inevitable should not 
be given credence. In short, nylon and Tyrex are both 
very adequate materials for tire cord—perhaps better 
than had been generally realized.”’ 
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Chicago has attempted to solve the commuter problem by combining rapid-transit facilities with an express 
highway and adequate suburban parking. The highway is already approaching its capacity, but the rapid- 
transit facility is operating at less than 30 per cent of capacity and is already carrying 1.3 times as many per- 
sons during rush hours as the highway, although it cost less than $4 million per mile compared with $10 


million per mile for the highway. 


Rapid-Transit Superhighway Combination 


Cuicaco’'s rapid-transit route located in the middle of 
the depressed Congress Expressway has completed its 
first year and a half of operation. The expressway 
already operates at capacity i the mass-transit facility 
can be more than tripled in capacity with longer and 
more-frequent trains. 

According to an article by V. E. Gunlock, chairman 
of the Chicago Transit Authority, in the March, 1961, 
Civil Engineering, the highway, costing approximately 
$10 million per mile, with four lanes in each direction, is 
carrying roughly 7500 persons inbound during the morn- 
ing fon. hour and the same number outbound at night. 

The rapid-transit line, costing less than $4 million per 
mile, carries about 10,000 passengers per hour in the 
heaviest direction during the morning and evening peak. 
Thus the rapid-transit facility operating at less than 30 
per cent of capacity is already carrying over 1.3 times as 
many persons in the heaviest hours as the expressway 
which 1s operating at or near its design capacity. 

The importance of rapid transit during the hours of 
heaviest travel is emphasized more dramatically by an 
analysis of a count of passengers entering and leaving 
the Chicago central business district, made in May, 
1960. These data show that, ina peak 15-minute period, 
the rapid-transit line carries over twice as many passen- 

ers in the rush direction as the expressway—about 3100 
by rapid transit compared to 1400 by automobile. 

At least 11'/2 per cent of the patrons formerly com- 
muted by auto. To attract as many auto passengers as 
possible to the line, both ‘‘park-n-ride”’ 
and ‘‘kiss-n-ride’’ facilities are planned for the Forest 
Park terminal facilities. A 2000-car garage will be ex- 
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pandable to 6000-car capacity and there will be ample 
short-time parking space for motorists who pick up and 
deliver ‘‘kiss-n-ride"’ patrons. A shopping center may 
also be added. 

The project was a joint venture of the city of Chicago, 
Cook County, the State of Illinois, the Federal Bureau of 
Public Roads, and the Chicago Transit Authority. 
Chicago plans more integrated facilities of this type 
when funds are available. 


Ultrasonic Welding for Plastics 


TouGu oriented polyester plastic films can be joined 
with Sonoseal, an ultrasonic welder developed by Ultra- 
sonics, Inc., Cranford, N. J. The heatless sealing 
method can be used for audio or video tapes, machinery 
belts, packing materials, plastic raincoats, or even 
metallized plastics of the type used in the Echo satellite. 
There is no disorientation of the chains of molecules as 
in heat sealing. 

Oriented plastics get their unusual properties of 
strength from their manufacturing process in which the 
chains of molecules are oriented in lines which 
strongly oppose breaking or tearing. Sonoseal — 
its ultrasonic vibrations to overlapped sections of the 
materials to be joined, causing plastic flow and a bonding 
of the molecules of the interface layers of the materials. 
With the development of Mylar and Cronar and the other 
exceedingly strong oriented plastics, the problem of 
joining them either to each other or to dissimilar mate- 
rials became a serious one. 

Powered by a 100-watt generator, the new device 
has a built-in automatic frequency-control device which 
adjusts to the thickness of the material and applies the 
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power required to effect a perfect seal, thus eliminating 
the possibility of operator error. In the event that the 
frequency drifts off because of trouble in the tuning 
circuit, the machine automatically shuts itself off. 

A patent has been applied for on the modifications 
the company has designed into the Western Electric 
patented ultrasonic horn which they have been licensed 
to fabricate. The transducer mounted in the horn is a 
standard lead-zirconate-titanate element. 

Capable of providing seam widths from 0.030 to 0.1000 
in. or wider, overlaps may be made from '/¢ to 1/1000 
in. or down to the range of structural stability. Thick- 
ness range is up to 0.012 in., although it can be extended 
to 0.020 in. for some plastics. Actuated by a foot pedal 
that energizes the mechanical feed system which transfers 
the materials to be welded past the welding tip, much in 
the same manner as a sewing machine, the welding rate— 
depending upon the type and thickness of the plastic— 
may be as much as 600 ipm. 

Heat is completely eliminated at the contact point by 
making the interchangeable welding tip serve as a heat 
sink. Aluminum has been used, although copper or 
any other high-thermal-conductivity material that 
would conduct heat away from the contact surface would 
serve equally well. 

Ultrasonic power is supplied by a 100-watt generator 
built within the unit. It operates on 120-volt 350-watt 
60-cps a-c power. In addition to the standard sewing- 
machinelike console, fully automated plastic Sonoseals 
can be furnished to meet particular service requirements. 


Uniloy 303MA Stainless 


Universat-Cyciops Stee, Corporation, Bridgeville, 
Pa., announces the commercial availability of a new free- 
machining chromium-nickel stainless steel, designated 
Uniloy 303MA. 

The greatly improved machinability of Uniloy 303MA, 
compared with regular free-machining AISI Type 303, 
permits increased output of machined parts and longer 
tool life, resulting in considerable dollar savings for 
plants now using regular Type 303 for machined ?_— 

Uniloy 303MA has other plus values in the char- 
acteristics of finished parts. Corrosion resistance is 
much greater than that of Type 303 and the surface 
finish is far superior. 

It is estimated that the potential market for Uniloy 


303MA is $25 million per year. Most of the demand for 
this new alloy, as with Type 303, will probably be in the 
form of cold-finished bar. The demand for cold-finished 
stainless bars has been growing at a more rapid rate 
than stainless steel as a whole during the past 15 years. 
This accelerated growth is expected to continue during 
the next five years. 

The key to the difference between Uniloy 303MA and 
Type 303 is in the analysis. In Uniloy 303MA the 
proper combination of aluminum (0.70) and sulfur ad- 
ditions for better machinability makes possible a re- 
duction in the sulfur content to about one half the level 
normally contained in Type 303 (from 0.25 to 0.13). 
Uniloy 303MA is covered by Patent No. 2,900,250. 

The addition of significant quantities of sulfur to 
stainless steels for improved machinability actually re- 
sults in undesirable side effects. The sulfur content 
takes the form of nonmetallic stringers and inclusions, 
which adversely affect the fabrication and performance 
of parts. The superior mechanical and corrosion- 
resisting properties of Uniloy 303MA are, to a great 
extent, the result of cleaner steel obtained by the use of 
much lower sulfur content than is necessary in Type 303. 

The material has been thoroughly tested in production 
runs in over 100 customer plants A a wide variety of 
parts. These tésts conclusively proved that Uniloy 
303MA can be successfully machined up to 50 per cent 
faster than regular Type 303. Further dollar savings 
resulted from increased tool life and less down time for 
changing tools. 

The nonmetallic inclusions in regular Type 303 have 
caused considerable problems in rolling operation in the 
way of longitudinal splitting which have been eliminated 
with Uniloy 303MA. 

The harmful effects of inclusions in regular Type 303 
prevent the forming of threads by rolling. niloy 
303MA can be successfully roll threaded, with excellent 
surface finish and a great savings in threading costs. 

The new material can be electropolished to a very high 
luster resembling the best results obtainable with low- 
sulfur stainless steels such as Types 302 and 304. 

Corrosion resistance of Uniloy 303MA is 25 times 
greater than Type 303, and approaches that of Type 304, 
as es by the widely recognized Huey Test. 

niloy 303MA can be satisfactorily arc welded, flash 
welded, percussion stud welded, and brazed when proper 
techniques are used. 


Spindle speed was increased 40 per cent and cycling time was reduced 25 per cent by using a new stainless steel—Uniloy 
303MA—for the part shown in the insert. The proper combination of aluminum and sulfur is responsible. 
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The Mark If MHD power 
generator, right, is de- 
signed for ultimate pro- 
duction of over 500,000 
watts of power. Flow 
chart, below, shows that 
the gas is heated to 5000 
F in a rocket-engine-type 
gas generator. To increase 
its ionization, the gas is 
seeded with a potassium 
salt. The ionized gas 
flows down the channel 
and across the magnetic 
field, creating an electric 
voltage. Power is tapped 
off to the load by elec- 
trodes, while the gas 
passes through the ex- 
haust to the atmosphere. 
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Progress on MHD 


Procress in the generation of power by magnetohydro- 
dynamics, MHD, has been announced by the Avco 
Corporation and American Electric Power Service Cor- 
poration. Prospects for commercial power generation 
have advanced with the production of 205 kw in a new 
MHD generator at the Avco-Everett Research Labora- 
tory, Everett, Mass. This is 20 times greater than the 
power output achieved when the project was first re- 
vealed late in 1959 (MecHANICAL ENGINEERING, January, 
1960, p. 52). 

The basic idea, first investigated by Michael Faraday 
some 150 years ago, is that the conductor which moves 
through the magnetic field need not be a wire—it could 
be a fluid. Now, with today’s knowledge of high- 
temperature gas properties developed through the space 
exploration program (the re-entry problem gave the es- 
sential data), it is possible to generate power by sending 
a high-temperature, ionized gas through a magnetic 
field. This eliminates the turbine and the armature, 
which could improve the efficiency of power generation 
by as much as 40 per cent. 

Philip a. Hon. Mem. ASME, and president of 
American Electric Power, said: ‘‘Magnetohydrodynamics 
is probably the most exciting area of development in 
power generation today.” 

In the new Mark II generator now in operation at 
Everett, the plasma, or hot gas, is provided by a combus- 
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tion chamber similar to a rocket thrust chamber, which 
burns a mixture of kerosene or alcohol and gaseous oxy- 
gen ‘‘seeded’’ with powdered potassium to make the 
plasma a better electrical conductor. The plasma enters 
the generator at about 5000 F. 

The problem has been one of getting materials to with- 
stand the high temperatures. By enriching the com- 
bustion air with oxygen, preheat requirements have been 
reduced to the point where a conventional material such 
as stainless steel can be used. This means that re- 
generators (preheaters) currently available commercially 
can be employed in the MHD system. Dr. Arthur 
Kantrowitz, vice-president and director of the laboratory, 
said: ‘‘Now that auxiliary components of the MHD 
power sees already exist, only the generator itself re- 
quires further development.” 

The Mark II generator is designed for runs of up to 
one minute, which is more than adequate for studies of 
fluid mechanics. It will provide answers to questions 
such as: What are the engineering problems connected 
with a large-scale MHD power plant? How does actual 
performance compare with theoretically predicted values? 
How do the materials used in the generator stand up to 
the high temperatures of the plasma? 

The generator can get its hot gases from burning coal, 
oil, gas, or from a nuclear reactor. Current must be 
converted from the direct current of the generator to 
alternating current. 

Dr. Kantrowitz said that within two or three years 
research will have progressed to the point where it will 
be possible to plan a working power plant. It is his 
belief that commercial power generation by MHD will 
be a reality before 1970. 

Many engineers foresee this as a first stage in a power 
plant, the hot gases then going to a turbine. Thus 
MHD will ‘top’ the power plant, its own high efficiency 
raising the over-all efficiency of the plant. 

Two more utilities have been added to the original 10 
participating in the enti program. The new 
participants are: Boston Edison Company, Boston, 
Mass.; and The United Illuminating Company, New 
Haven, Conn. 
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Die-Quench Machine 


Tue Automotive Products Division of the A. O. Smith 
Corporation, Milwaukee, Wis., has developed a new 
process and the accompanying machinery for die- 
quenching and straightening transportation-equipment 
side rails up to to 40 ft in length. Improved mechanical 
properties developed through the process permit the use 
of lighter side members without loss in vehicular 
strength. An extremely versatile material—inter- 
mediate manganese steel—has been used with an ad- 
vanced quenching technique. 

The company is confident that this combination pro- 
vides the most economical and technically advanced 
process for the production of heat-treated, high-strength 
side members for the transportation and allied industries. 

A company spokesman stated that the process ‘‘makes 
it possible for these industries to produce lighter and 
stronger equipment at a time when the ratios of weight 
to payload and weight to economy of operation are of 
extreme importance to the sale of such equipment.” 

Previously, a considerable percentage of the production 
cost of side rails resulted from hand-labor straightening 
operations to relieve distortions after heat-treating. 
These hand operations likewise were a limiting factor 
on the mass production of such supporting members. 

The quenching and straightening are now accom- 
plished in a single mechanical operation. The side rail 
is taken from the furnace with A. O. Smith-designed- 
and-developed materials-handling equipment. It then 
is rapidly transferred—a critical point in the process— 
to the quench machine where it rests on top of knock- 
out rods. The rods drop, lowering the rail. 

A punch next enters the rail and expands as the outer 
wall of the die approaches and makes contact with the 
side rail. Increased pressure for straightening is then 
applied. 

The following step in the operation is the circulation 
of quench water through the punch and die, flowing 
through wafflelike faces against all sides of the rail. 

The outer die wall then moves back and the punch 
rises. The knockout rods lift the quenched and straight- 
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Both quenching and 
straightening are ac- 
complished in a single 
mechanical operation 
with a new machine. 
Side rails up to 40 ft in 
length made of inter- 
mediate manganese 
steel are taken from 
the furnace and rapidly 
transferred to the 
quench machine. 
There they rest on 
knock-out until 
these drop and lower 
the rail into’ the 
machine. 


ened rail out of the machine. Rear pushers slide it back 
on the transfer equipment which moves it away. Es- 
sentially, this completes the operation. 

Usual side-member alloys cost as much as 69 per cent 
more than carbon steel, but only a 16 per cent rise was 
associated with the intermediate manganese alloy. 
Metallurgical research revealed that the manganese 
material, while a leaner alloy, possessed the potential 
to develop properties comparable to enriched steels, pro- 
viding a more potent quench was = Compared 
with a richly alloyed and easily hardenable steel— 
SAE-8620—the intermediate manganese alloy shows 
comparable engineering properties and metallographic 
structures in as-quenched and tempered specimens. 


6,000,000-Lb-per-Hr Boilers 


TENNESSEE VALLEY AuTHority has awarded a contract 
to Combustion Engineering, Inc., to supply two boilers— 
the largest ordered to date in this country or abroad. 
They will serve two 900-mw General Electric turbine- 
generators, the order for which was placed last December. 
Originally specified as 800-mw (MecHanicaL ENGINEER- 
iNG, April, 1961, p. 73), their size has since been increased 
to 900-mw. 

The contract price for the two boilers is $34,660,000, 
the second being covered by an option which may be 
exercised or. or before July 1, 1962. The contract price 
for a single boiler is $17,440,000. 

Statistics of the giant boilers are staggering. Each 
unit towers 18 stories high and has twin furnaces totaling 
114ftin width. The furnaces have a total volume equiva- 
lent to that of 74 ranch houses 30 X 20 X 10 ft high. 
The 8000 tons of tubing used in each boiler would 
stretch 265 miles. 

One third larger than any other boiler ordered to date 
and designed to produce more than 6,000,000 lb per hr of 
steam at 2400 psi and 1050 F, each boiler will consume 
coal at a rate of 315 tons per hr. 

The first unit is scheduled for operation by September, 
1964, and the second a year later. 
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Electrically heated dies 
make possible 
simultaneous forming 
and stress-relieving of 
titanium at 1000 F. 

It is no longer 
necessary to form them 
mechanically and 

then prevent 
springback by wedging 
during heat-treatment. 


Press With Electrically Heated Dies 


A 1000-ron Erie press with electrically heated dies— 
permitting forming and stress-relieving in one operation 
—plays a significant part in speeding production of 
Crusader Navy saodialenr planes at Chance Vought 
Corporation, Dallas, Texas. 

The press is used primarily in the forming of titanium. 
Previously, titanium parts were partially formed me- 
chanically, then wedged to prevent springback while 
undergoing heat-treating. 

Application of the advanced technique brought with 
it certain problems. A major one was the heavier burden 
placed on operating parts of the press. To handle both 
forming and stress-relieving of titanium parts, high 
temperatures and pressures have to be maintained for 
longer periods. At the same time, the importance of the 
— requires the press to be operated on a continual 

asis. Since parts are not fev, gqneencer is essential 
to keep the assembly line functioning. 

A full-time electrician maintains the electrical set-up 
which includes a total of 77 electrodes of 450, 500, and 
1000 watts used in heating the ring and dies to the 
1000-F forming temperature. 

To provide adequate lubrication of hydraulic mecha- 
nisms and other working parts subjected to elevated 
temperatures and pressures, Gulf Harmony oil is used as 
the hydraulic medium. Relatively high flash and fire 
point are characteristic of this paraffin-base oil as con- 
trasted with those of the naphthenic-base oils. 

Oxidation resistance is indicated by its 1500-hr mini- 
mum life under the ASTM D 943 oxidation test. At the 
same time, the oil is effectively inhibited against corro- 
sion to prevent rusting of press parts, and a powerful 
antifoam additive contributes to smooth functioning of 
the presses. 

Other presses in the plant include a 19,500-ton HPM 
Diaform, a 5000-ton Erie, two Sheridan and two Erco 
stretch presses. 

Chance Vought’s success with electrically heated dies 
has interested other aircraft and missile companies work- 
ing with the newer alloys. Some are experimenting 
with gas or electrically heated dies themselves. Others 
are this difficult field of specialty forming 
to Chance Vought. 
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Uitrahigh-Temperature Furnace 


Fusep stabilized-zirconia refractory, a valuable mili- 
tary and industrial research tool since its development 
by the Norton Company, Worcester, Mass., in 1951, has 
recently been placed in service in its first commercial 
application as a refractory for furnace construction. 

A furnace designed to operate continuously at elevated 
temperatures in the vicinity of 2200 C (3992 F) has been 
built by C M Manufacturing and Machine Company, 
Bloomfield, N. J. The refractory for lining the hot- 
zone is fused stabilized zirconia manufactured by the 
Norton Company. The heating elements are specially 
selected and machined tungsten rods. The furnace can 
be operated with hydrogen or other reducing or inert 
atmospheres that are compatible with the furnace 
materials. 

The pilot model of this furnace was built to provide a 
means of sintering large pressed tungsten ingots. Heat- 
ing the metal for as little as 1 hr in the hot-zone of the 
furnace has increased the metal density sufficiently to 
permit hot working to reduce the diameter of the ingot. 

This ultrahigh-temperature furnace has many potential 
uses in the study and production of special ceramics, 
cermets, and refractory metals. The hearth opening on 
the pilot model is 5 in. X 8 in. Building a furnace with 
a larger cross section appears to present no particular 
problems when a design and engineering 
standpoint. 


Continuously Operating Optical Maser 


Tue optical gas maser—an approach to light amplifica- 
tion entirely different from the solid-state masers re- 
cently announced by Hughes Aircraft Company and Bell 
Telephone Laboratories (MrcHanicaL ENGINEERING, 
September, 1960, p. 75; and December, 1960, p. 72)—has 
been demonstrated by Bell Labs. It was the result of a 
“planned scientific discovery.” 

The new maser uses a mixture of helium and neon gas 
to achieve continuous operation and the power required 
is only in the tens-of-watts range. Previous optical 
masers—built around crystals—required thousands, even 
millions of watts of power to transmit large bursts of 
visible light of very short duration. 
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More than 225,000 net 
tons per month of 
high-quality sintered- 
ore charge are produced 
for the blast furnaces 

at Aliquippa, Pa. 

The hearth has an area 
of 2419 sq ft and 

a width of 13 ft 2 in. 


Largest Sinter Line 


A sinter line capable of producing more than 225,000 
net tons or 3000 railroad cars per month of high-quality 
feed for blast furnaces has gone into operation at the 
Aliquippa, Pa., works of Jones and Laughlin Steel 
Corporation. 

Built by Dravo Corporation, Pittsburgh, Pa., under a 
licensing agreement with the Lurgi Company of West 
Germany, the plant is part of a three-year cost-reduction 
—— which includes capital expenditures for ore 

neficiation, open-hearth improvement, precipitators 
for smoke control, a new electrolytic line, and a con- 
tinuous annealing line which is already in production. 

The 10-story-high installation spreads over almost six 
acres and produces a charge for the iron-making blast 
furnaces rich enough to increase performance by as much 
as 20 per cent. There is less slag. Less coke and lime- 
stone are used. Higher hot-blast heat can be used and 
greater speed and better quality are possible in the actual 
process of reducing iron ore to molten iron. 

Sintering is the process which makes it possible to 
utilize small particles of iron ore, or “‘fines’’ which other- 
wise might be lost in blast-furnace operations. Air is 


pulled through a loose bed made up of a dampened mix- 
ture of these small particles of iron ore and fuel, so that 
the fuel is burned and the ore particles fused together in 
much the same way as a housewife blends materials in 
cooking. Particles of coke, known as coke breeze, are 
intermixed to provide the fuel for fusing these small 
particles. 
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Sudden-Expansion Heater 


A “‘suDDEN-EXPANSION’’ burner system, capable of 
stable burning operations up to 5600 F and 1000 psi, is 
being produced by the Marquardt Corp., Van Nuys, 
Calif. 

Based on the design of heater systems for simulating 
extreme ramjet and rocket operating environments, the 
Marquardt heater is applicable to a wide variety of 
industrial-heating and process systems, including high- 
temperature materials testing, intermittent steam genera- 
tion, partial-oxidation reactors, liquid condensation, 
sound generation, and air heating. 

Simple in construction and compact, the all-metal 
unit can be either air-cooled or water-cooled depending 
upon individual requirements. The heater utilizes a 
high-velocity combustion technique to obtain high 
thermal capacity in a small combustion unit. This 

rmits the handling of heating loads with a relatively 
OW-cost system. 

Flexibility of the burner system allows operation 
over a wide range of conditions. Broad temperature- 
modulation capabilities will permit stable continuous 
operation over a range of 150 to 5600 F. 

Specially constructed units cf the Marquardt process 
heater are currently in operation at the Air Force-Mar- 
quardt Jet Laboratory at Van Nuys. Other units are 
scheduled to be installed at Langley Field, Va., for the 
National Aeronautics and Space Administration, and 
at Edwards Air Force Base for the Air Force Flight 
Test Center. 


A 40-in. tube 
filled with 
helium and 
neon is the 
basic part 

of the 
continuously 
operating 
optical maser 
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Microencapsulation in effect makes soluble materials insoluble, isolates mutually reactive sub- 
stances, or prevents loss of volatile materials by evaporation. The capsule structure can be broken 
down, when desired, by heat, pressure, grinding, or dissolving, or even enzymatic action. 


Microencapsulation 


Capsutges as small as 1/25,000 in. in diam have been 
used as miniature ‘‘packages.’’ Although the technique 
is relatively new, and one of the original processes was 
based on scientific studies of how living cells are formed, 
it has already led to a surprising number of industrial 
applications. 

The National Cash Register Company has patented a 
process which involves depositing a polymer film (origi- 
nally gelatin and gum arabic) around a material to be 
encapsulated. According to the January-February, 1961, 
issue of Research for Industry, issued by the Stanford Re- 
search Institute, National Cash Register first developed 
microcapsules of a colorless dye that gave color on 
contact with a reagent. 

A coating of the minute capsules was applied invisibly 
to a sheet of copy paper, so that ordinary writing or 
typing pressure ruptured the capsules to release the dye, 
providing a replacement for carbon paper. 

Since then, a host of possible uses for microencapsula- 
tion have been under Rreslis ment and National Cash 
Register has adopted a broad industry licensing policy 
under their patents. Stanford Research Institute has 
agreed to conduct research in capsular technology for 
National Cash Register licensees who desire to take ad- 
vantage of the “ike technological background in micro- 
encapsulation available at Stanford Research Institute. 
Work at Stanford Research Institute includes fundamen- 
tal research in encapsulation for both industry and 
government clients as well as capsule development for 
specific applications. 

A look at some of the properties of microcapsules 
suggests ways in which the process might be applied. 
To begin with, a wide variety of substances can be en- 
capsulated, including solids or liquids, and possibly 
gases under pressure. The capsule structure can be 
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broken down, when desired, by heat, pressure, grinding, 
or dissolving, or even enzymatic action. Encapsulation 
yields the seeming paradox of making soluble materials 
nonsoluble, liquid or gaseous materials solid, and of 
giving other reversals of properties. The capsules make 
it possible to keep two or more mutually reactive sub- 
stances physically separated even though they are inti- 
mately mixed. Likewise, materials that are toxic or 
allergenic can be handled more safely while enclosed in 
capsules. 

Microcapsules can be produced in dry, granular form 
or as aggregates in a plastic or self-sustaining mass. 
Or they may be incorporated in a liquid, solid, or semi- 
solid mass of other material. 

To mention only a few of their many suggested appli- 
cations, water-soluble capsules containing pesticide or 
fertilizer could release their chemicals slowly over a period 
of time to prevent loss by evaporation or decomposition. 
Flavors and aromas in foods that are lost by their high 
volatility can be encapsulated and added to mixes. 
Mutually reactive agents in solid rocket fuels might be 
enclosed in microcapsules that are broken down by the 
heat of firing. Even the capsule wall could contain a 
catalyst to speed the chemical process when ready. 

Among the controllable variables in the micro- 
encapsulation process are capsule size, contents, wall 
material, wall strength, wall permeability, wall addi- 
tives, mass state, and the means and rate of release. 
These variables make it possible to tailor the capsules to 
fit the particular use. Therefore innumerable combina- 
tions of variables can produce a wide variety of potential 
uses. With the liberal addition of that most important 
component, imagination, the microencapsulation process 
will be applied in a growing number of new ways in 
tomorrow's world. 
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Friction Welding 


Evipence that a layer of fluid metal is formed at the 
interface of metals being welded by the friction process 
was found in the first intensive American laboratory 
study of friction welding. Since the existence of the 
fluid layer had not been revealed in the few papers on 
friction welding thus far written, this finding is among 
the most important obtained in a study by the Central 
Research Laboratory, Stamford, Conn., of American 
Machine and Foundry Company. 

Friction welding can be defined as a process for con- 
verting the mechanical energy of two metal, plastic, 
or ceramic objects revolving or sliding in contact. with 
one another into thermal energy, which under proper 
conditions and controls results in a weld of the two (or 
more) objects at the place of contact. The concept 
of friction welding is not new—some patents based on 
the concept f° back to the late 19th century. However, 
there has been very little basic scientific study or 
understanding of the process. 

Friction welding has been under more intense study 
abroad since publication of a work by V. I. Vill of the 
USSR in 1957. Since then, about a dozen papers and 
summaries have been published in Russian, Polish, and 
Czechoslovakian journals. Most of this early work, 
according to the AMF researchers, may be characterized 
as pragmatic or “‘instinctive’’ explanations of the phe- 
nomenon of friction welding. 

Early explanations or theories may be summarized 
thus: Friction welding is a variant wf ressure welding 
and the weld is made during plastic Selcbinaiion of the 
abutting surfaces. The two objects revolve or oscillate 
against each other until the heat of friction produces 
the temperature required for pressure welding. At this 
point, motion is stopped and the two pieces are held 
together by pressure to form a weld. 

AMF'’s study has led to a more refined explanation 
of the process and the basic parameters under which 
the weld phenomenon takes place. A study of the 
records of the highly instrumented laboratory friction- 
welding seociar belle by AMF produced data about the 
weld phenomenon which, in the opinion of the re- 
searchers, are more revealing than the Russian reports. 
One of the elements of a theory proposed by them is the 


stulation of a layer of fluid metal formed at the inter- 
ace of the two objects, particularly for the case of alloy 
steels. This layer acts as if it were a hydrodynamic 
thrust bearing or extreme-pressure lubricant. Evi- 
dence of its existence occurs simultaneously with high 
quality welds in alloy steels and certain other metals. 

The Central Research Laboratory of AMF also in- 
vestigated, derived, and measured the basic parameters 
and machine requirements for friction welding such as: 
speeds of rotation; machine rigidity; time and weld- 
cycle sequence; torque; pressure; temperature; heat- 
treatment, grain growth, metallurgy; and weld geome- 


With the laboratory machine, friction welding of a 
variety of materials was investigated including carbon, 
alloy and stainless steels, brass, aluminum, copper, and 
zirconium. 

Friction-welding studies will be continued at AMF 
in order to refine and elaborate theories, refine the de- 
termination of the parameters, and to study the friction 
welding of dissimilar metals and other materials. 

The friction-welding program was conducted by 
Milton B. Hollander, Assoc. Mem. ASME, head of the 
Mechanics Department of AMF’s Laboratory. 


Ulitrahigh Magnetic Fields 


Tue feasibility of producing extremely high magnetic 
fields with su gree | solenoid magnets has been 
demonstrated by Bell Telephone Laboratories. che ay 
conducting compound of niobium and tin (Nb;Sn), 
fabricated and reacted by special metallurgical techniques, 
was utilized in the latest fe oer This compound 
was first discovered at Bell Labs in 1954. sins 

Although it has been realized for many years that it is 
possible to produce magnetic fields with superconducting 
solenoids, the materials that have been tried in the past 
would only sustain fields of a few thousand gauss. At 
larger magnetic fields the superconducting properties 
disappear. With the new compound, steady-state 
magnetic fields of 88,000 gauss are possible. 

Indications are that the niobium-tin material will 
sustain fields of 100,000 gauss while carrying electrical 
currents of 100,000 amp per sq cm of cross section. 


M. B. Hollander and F. Camps-Campins, both Assoc. Mem. ASME, observe the 
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friction welding of high-carbon steel in a laboratory study of the basic mechanism 
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A built-in computer automatically solves 
strain-to-stress equations in a '!/,-in-wide 
by °/\s-in-long bonded resistance-foil SR-4 
type strain gage 


Computerized Strain Gage 


An SR-4 bonded resistance-foil strain gage—with a 
built-in computer that solves general strain-to-stress 
equations automatically—has been developed by the 
Electronics and Instrumentation Division, Waltham, 
Mass., of Baldwin-Lima-Hamilton Corporation. 

The new gage will greatly simplify the obtaining of 
stress readings in a wide range of testing and measuring 
applications by automatically eliminating the need for 
tedious, time-consuming calculations of stresses from the 
strain indications. 

Electrical responses which are proportional to either 
stress or strain are provided at the discretion of the user 
by using two independent axial strain-sensing elements 
oriented 90 deg apart. 

One element measures the conventional strain. The 
other element acts as the automatic computer by rejecting 
the axial component of strain caused by stress in a trans- 
verse direction. The combined elements then respond 
only to that component of strain which is produced by 
stress in the axial direction. 

Through use of a simple switching arrangement, with 
the three-wire system provided, three measurements can 
be made easily and rapidly: (@) Strain along the prin- 
cipal sensing axis, (4) stress along the principal sensing 
axis, (c) strain along the transverse axis. 

This unique versatility is provided by proper design of 
grid configuration and a controlled resistance ratio be- 
tween the rwoelements. The ratio depends primarily on 
Poisson's ratio of the material for which the gage is 
designed and calibrated. 

The new gages are available with a phenolic-base con- 
struction and Constantan foil—with resistance ratios and 
temperature compensation for mild steels, stainless steel, 
and aluminum. 


Gages Presently Available 


Stress ° 

Temp re- Nominal 

compensation ment, resistance, 

expansion Poi t1/ 

Gage coefficient ratio element 2 
FABZE-S6 6 (mild steel) 0.28 98/350 

9 (most stainless 

steels) 0.28 98/350 
phevdanen 13 (aluminum) 0.33 115/350 


In each instance, nominal gage resistances have been 
selected for compatibility with electronic strain-measur- 
ing instrumentation—for use with gage resistances be- 
tween 60 and 500 ohms or higher. 

The gages can be bonded easily with such room-tem- 
perature curing cements as BLH EPY-150 epoxy, East- 
man 910 cyanoacrylate for applications up to 150 F, or 
BLH EPY-400 epoxy for elevated-temperature applica- 
tions up to 450 F. 
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Continuous-Display Frequency Counter 


By THE use of a storage system, inefficient intermittent 
display is eliminated in the Type 1130-A Digital Time 
pe Meter made by Radio Company, 
West Concord, Mass. 

Previous counters have been limited to an efficiency 
of 50 per cent at best by requiring alternate accumulation 
of information and then display. With the new system 
a count is displayed continuously while a new count is 
being accumulated in the computer-memory-type storage 
system. At the end of each counting interval, the new 
count is transferred to the display in a brief 1000-micro- 
sec interval. 

Frequencies from decacycles to 10 megacycles are 
measured with a precision of 0.1 cps, periods from 10 
microsec to 10’ sec with a precision of 0.1 microsec, and 
time intervals from 1 microsec to 10’ sec with a pre- 
cision of 0.1 microsec. The Type 1130-A can also be used 
to count random events, measure frequency ratios, com- 
pute phase shift, and measure characteristics of pulse 
waveforms. 

The design has drawn extensively upon computer 
techniques and components. High reliability has been 
insured by the use of computer-grade tubes throughout 
the instrument-frame grid types where suitable. All 
components are severely derated and premium-quality 
connectors are used. Circuits have been designed to 
operate ih ogy under extensive variations and degrada- 
tion of tube parameters without complex regulated 

late and heater power supplies. Only one lightly 
regulator circuit is used. This maxi- 
mum stability of the crystal-controlled, time-base 
oscillator. 

Modular construction has been used to simplify main- 
tenance. Every tube circuit is on an etched-circuit 
board, which can be removed quickly for repair or re- 
placement, and test points are available at marked panels 
on both sides of the instrument. 

The use of internal storage permits easy adaptation to 
analog graphic recording. A simple digital-to-analog 
converter accessory provides a d-c output of 0.1 per cent 
accuracy and linearity, corresponding to any three con- 
secutive digits of the counter display. This output 
will drive graphic recorders without the need of an inter- 
mediate, expensive electromechanical storage system. 


The Type 1130-A Digital Time and Frequency Meter not 
only provides continuous display by using a computer- 
type storage but is easily assembled 
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Mat rials Briefs 


> Deep-Penetration Pressure Treatment of Wood 


LiquerFieD gas in a pressure vessel is used by the Tech- 
nical Department of the Wood Preserving Division of 
Koppers Company, Inc., at Orrville, Ohio, to deposit 
preservative chemicals in the fiber of wood. Called 
Cellon, the treatment does not change the color, weight, 
size, strength, workability, or glueability of the wood 
but provides excellent resistance to decay and insect 
attack. According to the company, it provides the 
deepest penetration of any wood-preserving process yet 
devised. 

Pentachlorophenol, deposited as a dry crystalline 
salt at the rate of 0.3 lb per cu ft of wood, is the preserva- 
tive. Nonsoluble in water, it cannot be leached and 
evaporates at an extremely slow rate. Freshly cut green 
wood can be readily treated and the finished product can 
be readily clean finished or painted. 


> Metal-Powder Microspheres 

Commercially pure ingot iron and zirconium with 2 
per cent tin are now available in the form of spherical 
powders, 20 to 150 microns in size. 

The solid, polished-surface microspheres are being pro- 
duced by the Crystal Products Department, Linde Com- 
pany, Division of Union Carbide Corporation, East 
Chicago, Ind., with their recently developed spherodiz- 
ing process. The new products are in addition to the 
currently in-stock line of aluminum alloys, nickel, 
Nichrome V, No. 316 stainless-steel, copper, and tung- 
sten microspheres. 

Although not in stock, some platinum and 99.999 
per cent pure aluminum microspheres also have been 
processed. 


p> Rhenium-Molybdenum Alloys Commercially Produced 

The first commercial production of rhenium-molyb- 
denum alloys has been made by Chase Brass and Copper 
Company, Waterbury, Conn. The high-strength re- 
fractory alloy has good ductility for specialized applica- 
tions and considerable advantages over both pure 
rhenium and pure molybdenum. 

Rhenium, an extremely dense metal, has a melting 
point (5756 F) higher than any other metal except tung- 
sten. Strength, ductility, and electrical characteristics 
are excellent even at elevated temperatures. 

Molybdenum is a refractory metal with 2600-C melting 
point that becomes embrittled in the recrystallized con- 
dition below approximately 20 C. 

The successful alloying of rhenium and molybdenum 
provides better mechanical properties than those of 
either metal alone at considerably lower cost than pure 
rhenium. Elevated-temperature strength exceeds that of 
molybdenum while very good ductility is retained as far 
as the cryogenic temperature range without evidence of 
embrittlement. 

Rod, wire, and strip products are now available from 
Chase in 50 Re-50 Mo and 40 Re-60 Mo (weight per cent) 
alloys. 


> Molecularly Bonded Stainless-Clad Aluminum 

Aluminum sheet has been successfully joined to stain- 
less steel by molecular bonding. Extensive field testing 
has been conducted on hundreds of samples of the dual 
metal by Fairmont Aluminum Company, Fairmont, W. 
Va., a subsidiary of the Cerro Corporation, New York, 
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‘a much greater rate than in DCX-1. 


N. Y. The new material will be available in limited 
quantity until a $10-million plant-expansion program is 
completed. 

Although stainless steel and aluminum have been 
joined by various casting methods, this is the first success- 
ful molecular bond in sheet form of these two dissimilar 
metals. Normally, ferrous and nonferrous metals have 
little affinity for each other. 

Stainless-clad aluminum has potential uses as a con- 
struction material for liquid-storage tanks or for auto- 
motive parts normally made of stainless. 

The resistance to corrosion and staining, and strength 
of stainless are combined with the lightness, thermal 
conductivity, and formability of aluminum. 

There are no technical limitations as to the gage of the 
stainless clad, nor are there any fixed content ratios 
of stainless to aluminum. Ina typical sheet the weight 
would be only half that of a solid stainless-steel sheet. 
The material lends itself to deep drawing, stamping, 
trimming, beading, spinning, arc welding, stud and spot 
welding, brazing, coining, and many surface-finishing 
operations. 

Fairmont is licensee for the process for bonding the 
stainless steel and aluminum which was developed by 
Composite Metals Products, Inc., of Washington, Pa. 


Nuclear Briefs 


p> Yankee Cost $7 Million Less Than Expected 

Tora costs for construction, core, and start-up of the 
Westinghouse-built Yankee pressurized-water reactor at 
Rowe, Mass., will probably be at least $7 million less 
than the $57 million officially estimated. All target 
dates have also been bettered by a month or two. 

According to the March, 1961, Forum Memo of the 
Atomic Industrial Forum, Inc., this is the first U. S. 
nuclear power plant to cost less than estimated. It may 
make possible 12 to 14-mill power with the first or second 
core rather than the later ones, as previously anticipated. 


> DCX-2 to Be Constructed at ORNL 

The Direct-Current Experiment No. 2, DCX-2—an 
advanced-design experimental facility which may be 
capable of developing temperatures in the billions of 
degrees—is being constructed at the Oak Ridge National 


ry. 
It will Ss designed on the same basic principle as its 
predecessor, DCX-1, which has been in operation for three 


years. Like DCX-1, the new facility will be a “‘hot- 
ion"’ injection system in which ions are accelerated by 
high voltages before being introduced into the device. 
In DCX-2, ions will be injected at 600,000 electron volts, 
Under certain con- 
ditions, this would be comparable to a temperature of 
more than 3 billion C. 

After injection, the particles will be trapped in a 
strong magnetic field which will be much more uniform 
in the center of the new device than in the old one. 

Union Carbide Corporation, which is carrying out 
the Oak Ridge portion of the controlled thermonuclear 
research program for the AEC, will fabricate those com- 
ponents of DCX-2 which are highly specialized. 

The modification and construction work, which will 
cost about $650,000, is being done by The H. K. Ferguson 
Company. The total cost of the project will be about 
$1 "4 million and DCX-2 is expected to be in operation by 

all. 
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Part of the crushing and 
grinding section of the 


highly automated mill Flotation machines 


separate the ore at 
the Thompson mill 


Dr. John F. Thompson, Honorary Chairman, Chairman of Executive 
Committee. INCO. the man who gave his name.to this INCO project 


Nickel for the New Alloys 


In the far north, 100 miles west of Hudson Bay, a “fly- 
ing magnetometer” spotted an ore deposit. There the 
International Nickel Company of Canada, Ltd., built a 
mine, a plant—and a modern town. 


At Noon on March 25, 1961, in a modern plant sticking 
up in the Canadian wilderness, 150 engineers, editors, 
and officials witnessed the dedication of the Thompson 
nickel mine of the International Nickel Company of 
Canada. This is a report on the new mine, the metal 
called nickel (which turns ordinary steel into remarkable 
steel), and an engineer whose long career was crowned 
by having a town named after him. 

The engineer is Dr. John F. Thompson, 80-year-old 
Honorary Chairman of the Board of INCO, still active 
at the company’s Wall Street headquarters. In 1906, 
Dr. Thompson, then an assistant in metallurgy at the 
school of mines, Columbia University, joined INCO to 
design and operate the company’s first research labora- 
tory. Just fifty years later he gave his name to INCO's 
new mine and community in north-central Manitoba. 
The Thompson project is now the second largest nickel 
operation in the free world—next to INCO’s operation 
in the Sudbury District in Ontario. 

The Metal That Makes the Difference. Nickel comes out of 
the textbooks as a hard, malleable, ductile metallic 
element, nearly silver white, capable of a high polish, 
and resistant to oxidation. Its first great engineering 
application appeared in the nickel-steel armor plate of 
battleships in World War I. In this modern era of high- 
temperature engineering, stainless steel (essentially a 
nickel alloy) takes 30 per cent of all the nickel used in 
the U.S. Another 5 per cent goes into ‘‘super alloys’’ 
for turbine blades. The Boeing 707 has half a ton of 
nickel in each of its engines. 

The Thompson project began when an airplane, 
trailing an electromagnetic instrument, discovered the 
Thompson ore body (INCO pioneered the use of the 
“flying magnetometer’’). Then came diamond drilling 
—and the decision to develop the mine. Cost of the 
exploration: Some $10 million. Fifty-six thousand 
linear miles of aerial survey had been flown, and hun- 
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dreds of thousands of feet of test holes had been diamond 
drilled. The rock formation in which the nickel was 
found is part of the Precambrian Shield, a formation of 
precambrian rock that comes to the surface in the Cana- 
dian wilderness. (Such rocks contain no fossil remains, 
indicating that they probably were here before life 
itself.) 

In the winter of 1956-1957, a rail line was being thrust 
toward the mine site from the Canadian National track 
that terminates at Churchill on Hudson Bay. Another 
year and the rail line would reach the site—but INCO 
would not wait. That winter, INCO’s tractor trains 
moved in 30,000 tons of material. The “snowball 
express’ ran 24 hr a day, seven days a week, from a mar- 
shalling area at the railway, to Thompson. The 70- 
mile round trip over snow-covered muskeg and frozen 
lakes took 14 hr, in temperatures down to —60 F. 

The cat train brought in power shovels, cranes, fuel- 
oil tanks, building materials, and all the other material 
needed to turn a wilderness into an industrial center. 
On Oct. 20, 1957, the last spike was driven in the 30- 
mile spur linking Thompson with the Hudson Bay Line. 
The achonianl equipment of modern mining began 
moving into place. In 1958, they built the first house 
in the carefully planned town of Thompson. 

While plant and town were taking shape, a third 
project got under way some 60 miles to the northeast—a 
hydroelectric development on the Nelson River, the 
Kelsey Power Plant. The Thompson development is an 
all-electric plant, its furnaces getting their heat from the 
power lines from “‘Hydro.’’ Surprising as it may seem 
in that frozen area 400 air miles north of Winnipeg, the 
Kelsey power station will produce hydroelectric power 
every day in the year. Its five units have a total capacity 
of 210,000 hp, with provision for expansion. 

The Thompson ore bodies are being mined principally 
by horizontal cut-and-fill mining. The deposits contain 
nickel sulfide ores, with relatively small quantities of 
copper. Minor quantities of cobalt, platinum, pal- 
ladium, gold, a silver are also present in the ores. 
The mili will treat 5000 tons of ore per day, brought up 
from a depth of 2100 ft. 

An Integrated Plant. This is the world’s first completely 
integrated nickel-producing facility. Once the ore has 
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A starting sheet is 
lowered into an 
electrolytic tank 


come up in the ‘‘skips’’ and been tipped into the storage 
bins, two stages of crushing are followed by fine grind- 
ing. The valuable minerals are then separated out, using 
the flotation process. The nickel concentrate is pumped 
to the smelter, where electric furnaces take over the fur- 
ther separation of nickel sulfide and slag. 

It almost goes without saying that this is a highly 
automated operation, a plant as modern as the jets and 
rockets in which nickel 1s so widely used. In the quiet 
control room there are two large control panels, one for 
““Hydro,"’ one for INCO. The mill runs entirely by 
automatic control. 

The molten nickel sulfide—‘‘matte’’—is cast into re- 
finery anodes. These anodes look like flat gravestones. 
In the refinery, they are placed in plating tanks and con- 
nected, as anodes—ti he next to cathode ‘‘starting 
sheets’’ of pure nickel. Nickel is deposited by elec- 
trolysis onto the starting sheet, producing a thick plate 
of pure nickel which is then sheared into widths ac- 
cording to customer requirements and shipped to markets 
in Canada, the U. S., and the United Kingdom. 

Curiously, Thompson is closer to foreign markets than 
tothe U.S. This is because of its nearness to Churchill, 
the seaport on Hudson Bay. Although the port of 
Churchill is open to navigation for only six weeks of the 
year—from about July 15 through August—tremendous 
quantities of material are stockpiled for shipment. 
Nickel will be so stockpiled and shipped. In recent 
years, Western Europe has become a prime user of nickel. 
At least 75,000,000 Ib of nickel a year will emerge from 
the Thompson refinery. 

INCO had one stroke of luck. At the spot where they 
wanted to sink their mine shaft, the rock formed a 
plateau, ideal as a foundation for the plant buildings 
(the smelter is one of the heaviest buildings in Canada), 
The plant covers 250 acres, with a modern office building 
housing the administration, engineering, and geviogical 
departments as well as the metallurgical laboratory. 
This last must have been a special delight to Dr. Thom 
son, founder of INCO’s first laboratory, as he made the 
tour of the plant with the visitors for the dedication. 

From the plant, it is two miles to the town. INCO 
is determined to make Thompson a place in which 
families can live in suburban comfort and security. All 
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Right, the modern town 
of Thompson rises out of 
the Canadian wilderness. 
Below, the plant site, the 

first completely integrated 
nickel plant, and the second 
largest in the free world. 


the homes and public buildings are modern to the last 
degree. Walk into the Hudson Bay Company store and 
you could imagine you were in Wanamaker’s in West- 
chester. The school, the hospital—right out of modern 
suburbia. Of course it’s a mite chilly, and on March 
25 the snow was deep. But it was noted that there were 
boats as well as cars in the driveways of homes. Boating 
will be a popular sport: There are lakes nearby, and the 
town is situated on the picturesque Burntwood River. 

Ultimately, this should be a town of 8000 population. 
The plant now employs 1800, will soon raise this to 
2300. 

Note to Machine Designers. What is the future of nickel? 
F. L. LaQue, an INCO vice-president, points out that 
every time we raise stress or temperature we must up- 
grade the metal by putting in nickel. 

“It is a fact," he said, “‘that the compact cars require 
more nickel in their steel than the larger cars—smaller 
gears require better steel. The improvement in chrome 

lating for cars is primarily a matter of more nickel. 

he coming antismog devices will require nickel— 
afterburners run hot.” 

The same holds true for low-temperature applications. 
The containers for liquid oxygen in missiles, for oxygen 
in steel plants, for the transportation and storage of 
natural gas in liquefied form (methane)—all require 
more and more nickel. 

These facts help explain why INCO ventured $130 
million in the Thompson project. The Hon. Duff 
Roblin, Premier of Manitoba, said at the dedication 
ceremony: ‘‘Now that a lump of ore has replaced the fur 
pelt as the symbol of the richness and the potential of 
this great region, we pay tribute to a — of mining 
adventurers—men who. . . have paved the way for the 
permanent development of this frontier land."’ 

But the dominating personality at the dedication was 
that of Dr. Thompson, the wiry, active, senior engineer 
who, at 80, sees this project wearing his name. Pri- 
vately, he offered an explanation of how you get to the 
top, a philosophy that young engineers with manage- 
ment aspirations might ponder. 

“You take care to hire men who are smarter than you 
are,’ he said. ‘That way, you always get pushed out 
of your job—upstairs, of course.'’—Maurice Barrangon 
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Fanjet Engine. 
Looking into the teeth of the American 


Airlines Boeing 707 ‘‘Astrojet.'"’ The forefan is i 

a multi-bladed, shrouded propeller, moving 
a greater volume of air at a slower speed than the pure 
jet. (Here, it is a development of the Pratt » ae te 


& Whitney JT-3 engine.) Result: Added thrust, 
increased propulsive efficiency, increased speed. 


4 Steel-Capped Aluminum Piston. 
This aluminum piston 

is capped with a thin layer of 
stainless steel, a design produced 
by Aluminum Company of America 
in its Cleveland laboratories. 
Not yet engine-tested, the piston 
has been sectioned for study of 
the pressure bond, an Alcoa process. 
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Electronic Highway. A Dodge Lancer makes a test 
run on a road with no traffic problems. All types of 
engine and load conditions hit the car through power- 
ful dynamometers, for sound and vibration study. 


Unique Steam Generator. This steam generator, built by Com- 
bustion Engineering, Inc., at Chattanooga, Tenn., is 57 ft long, 
weighs some 170 tons, ahd has 20 miles of stainless-steel 
tubing. It's the first of ten built for AEC’s Hanford Works. 
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Bridge Conveyer. Near Pasco, Wash., this 930-ft bridge was 
built to haul sand, gravel, and rock for the Ice Harbor Dam 
on the Snake River. The 2400-ft belt, by B. F. Goodrich’ In- 


dustrial Products Company, carries 660 tons per hr at 300 fpm. 


Thermoelectric Couples. At Westinghouse laboratories, tests 
are performed on some of the thousands of thermoelectric cou- 
ples for a unit said to be the largest thermoelectric generator 
ever built. This is an experimental project for the U. S. Navy. 
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Model of the new funnel design for the 
Atlantic liner, ‘‘France.’’ Smoke will emerge 
from ends of ‘‘wings”’ instead of from top. 


Funnels of the ‘‘France”’ 


Tue French Line's new Atlantic liner ‘‘France,’’ the 
longest liner in the world, now well advanced toward 
completion at St. Nazaire, will have funnels of a unique 
design. The smoke, instead of coming out at the top, 
will emerge from the ends of ‘‘wings’’ like those of a 
short-span aircraft. The design is the result of a long 
series of wind-tunnel experiments at Poitiers, France, 
which showed conclusively that, to avoid soiling the 
afterdecks with soot, the smoke must be discharged well 
away from the mass of the funnel itself, and as high above 
the decks as possible. The height of the forward funnel 
will be 54 ft above the deck. At its base it will measure 
66 ft fore and aft, and 32 ft wide. The span of the 
““wings’’ is 63 ft. 


Gottuies (1834-1900) built his first gasoline 
engine in 1883, and in 1886 Karl Benz (1844-1929) 
built his first automobile, fitted with a two-stroke engine 
of the type that he had introduced in 1878. To mark the 
75th anniversary of the advent of the internal-combustion 
engine on common roads, the Daimler-Benz firm has 
opened a new historical museum at Stuttgart-Untertiirk- 
heim, Germany, in which has been gathered a unique i 
collection of automobiles, aircraft engines, and motor- eh 
boat engines, as well as a range of portraits of the pio- 
neers themselves. These include Fraiilein Mercedes 

Jellinek, daughter of Daimler’s associate, Emil Jellinek, 
for whom the Mercedes car was named in 1901. For 
turkheim, Germany, which has opened many years the two firms were separate, but they merged 


onthe 75th anniversary of traffic motori- into Daimler-Benz A.G. in 1926. 
zation. In foreground is 1894 model. es 


Correspondence with Mr. Petree should be addressed to 36 May- 
field Road, Sutton, Surrey, England. 
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Laboratory at British Insulated Callender’s Cables, Ltd., below left, 
for research into overhead electric current collection on high-speed railways. 
At right is the electric trolley used in the laboratory experiments. 
It runs on a closed circuit of track with a radio transmitter to record its position, 


velocity, and acceleration, hanging below the track. 


Center wheel is perforated 


so that light can strike a photoelectric cell to record speed. 


Current-Collection Research 


Tue problems of collecting electric current by panto- 


graph from overhead conductors are of crucial interest to 
many European railroads, but they have been tackled 


hitherto by purely empirical methods. The stimulus 
provided by the decision of British Railways to electrify 
their mainline services, and the consequential prospect 
that a number of systems in other countries might thereby 
be encouraged to take another look at mainline electrifi- 
cation, have led British Insulated Callender’s Cables, Ltd., 
of London, England, to set up a special laboratory for 
research into current collection at high speed. 

Basically, the problems are mechanical—to insure at all 
times and at all speeds a uniform upward pressure of the 
collecting strip against the conductor wire, irrespective of 
the variable rigidity of that wire between its supports, of 
changes in its inertia and in the height above the track, 
of wind effects, and of the aerodynamic resistance of the 
pantograph. The original idea was to make full-scale 
experiments, but cost was one of the difficulties that made 
this impracticable. Also, no suitable length of track 
could be allocated for the purpose. B.I.C.C. decided, 
therefore, to experiment with a scale model that would 
reproduce all the characteristics of the full-sized equip- 
ment at simulated speeds up to at least 100 mph. 

The laboratory is 200 ft long and 20 ft wide. It con- 
tains a closed circuit of track with straight sides 144 ft 
long, joined at the ends by curves of 14 ft diam. The 
actual track is of standard model railway °/;-in. alumi- 
num flanged rail, attached to board carried on a steel 
sectional framework at a height of 4 ft from the floor. 
The test sections, 80 ft long, are situated in the middle 
of the straight sides and are contained in temperature- 
controlled housings. The traveling bogie carrying the 
pantograph is about 12 in. long. Its full speed of nearly 
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18 mph corresponds to 100 mph on a full-sized train. 
The model pantograph is made of brass and dynamically 
is as nearly as possible a true-to-scale copy of the Stone- 
Faiveley prototype used on British Railways. In its sus- 
pension, the conductor wire follows the full-sized 
equipment, but to simulate accurately the elastic and 
rigidity constants, and to provide a truly equivalent 
mass, the conductor is made of a fine wire on which are 
fixed closely spaced brass beads, electrically soldered in 
position. To avoid ‘“‘ripple’’ in the current collection, 
the spacing is such that the pantograph contact strip 
always rides on three beads. 

The position, velocity, and acceleration of the panto- 
graph trolley are continuously recorded by means of high- 
requency signals from a radio transmitter on the trolley 
to a receiver aerial wire carried by the supporting struc- 
ture. Velocity is measured by a beam of light focused on 
a photoelectric cell through holes equally spaced around 
the periphery of an extra wheel on the trolley. The 
pulses produced are read on a meter calibrated in fps. 
By taking the output through a differentiating circuit to 
another meter, acceleration can be measured. Position 
is recorded by a beam of light directed downward and 
reflected into a photoelectric cell from small polished 
aluminum blocks on the supporting structure. The 
drive is by a 50-volt d-c electric motor. The movements 
of the conductor wires and their supporting catenaries 
are observed by various means, including high-speed 
cinematography and a method that registers the position 
of a wire by casting its shadow onto a photoelectric de- 
vice. So far, the experiments have been in progress only 
a few months, but results show that the method of ap- 

oach is correct and offers promise of valuable guidance 
in the design of overhead equipment. 
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Aviation 


Calibration Techniques in Ultrahigh- 
Pressure Apparatus. .60—WA-178... By 
F. P. Bundy, General Electric Company, 
Schenectady, N. Y. 1960 ASME Winter 
Annual Meeting paper (in type; to be 
published in Trans. ASME—J. Engng. 
for indus.; available to Oct. 1, 1961). 


Within the past few years several kinds 
of apparatus have been developed which 
are capable of maintaining, simul- 
taneously, pressures up to about 100 
kilobars and temperatures above 2000 C 
for periods of minutes or hours. This 
development has expanded tremendously 
the field of investigation of chemical re- 
actions, phase changes, and physical 


properties of materials under extreme 


conditions. In order that the results 
obtained from these investigations may 
be compared properly with theory, and 
with the results of other methods of 
subjecting matter to very high pressures 
and temperatures—shock pressure-wave 
technique for example—it is important 
that the pressures and temperatures be 
known in absolute terms. The purpose 
of this paper is to present the origins of 
the pressure and temperature scales used 
in this field, to describe some of the 
calibration techniques, to point out some 
of the weaknesses and discrepancies exist- 
ing today, and to suggest some ways in 
which improvements might be realized. 


Use of a Centrifuge for the Precision 
Measurement of Accelerometer Charac- 
teristics . . 60-—WA-195... By S. R. Sporn, 
American Bosch Arma Corporation, Gar- 
den City, N. Y. 1960 ASME Winter Annual 
Meeting paper (in type; to be published 
in Trans. ASME—J. Engng. for Indus.; 
available to Oct. 1, 1961). 


The large dynamic range to which 
accelerometers are subjected in a space- 
injection application requires that pre- 
cision high ‘‘g’’ development studies be 
made. The only practical way of ob- 
taining sustained, measurable accelera- 
tions in excess of lg is by means of a 


98 /MAY 1961 


centrifugal accelerator. The purpose of 
this paper is to describe the techniques 
which have been developed at Arma 
Division to process and interpret ac- 
celerometer linearity data obtained on the 
precision centrifuge. A basic output 
equation was formulated for an inertial 
quality accelerometer and areas of cor- 
rection for some size anomalies that could 
occur were pointed out. In addition, a 
centrifuge acceleration formula, cor- 
rected for earth's rate, was developed. 
Interpreting this formula leads to the 
possibility of measuring earth's rate with 
an accelerometer. 


The Performance of Gyroscopes in a 
Vibration Environment. .60—WA-246... 
By William E. Fellows, Assoc. Mem. ASME, 
Minneapolis-Honeywell Regulator Com- 
pany, Minneapolis, Minn. 1960 ASME 
Winter Annual Meeting paper (multilitho- 
graphed; available to Oct. 1, 1961). 


Rectilinear sinusoidal or random vibra- 
tion, rotating acceleration vector, and 
sinusoidal rocking motions cause three 
different types of gyroscope error. The 
mechanism of the three errors shows that 
the usual description of vibration en- 
vironment is grossly inadequate for 
assessing gyroscope performance. Four 
environmental parameters of sinusoidal 
vibration must be known to predict gyro 
error. These are magnitude, direction, 
frequency, and the time phasing between 
directional components of the vibration. 
Directional distribution must be known 
in addition to the power spectrum fre- 
quency distribution to assess performance 
in random vibration environment. 

It is concluded that the possible gyro 
error is anisoelastic and, depending on 
gyro orientation with respect to the un- 
known axes, the error will be somewhere 
between zero and a known maximum. 

The probability of either zero or maxi 
mum gyro error is nil, so it should not be 
necessary to assume the worst in gyro 


performance but, because of the lack of 
rectilinear, rotating-vector, and angular- 
oscillation environmental information, 
most component specifications require 
that the gyro meet anisoelastic per- 
formance figures when tested under 
maximum environmental conditions. 


Gyro Micro-Yield Measurements on a 
Precision Linear Vibrator .. 60—WA-247 
...By Peter J. Palmer, Massachusetts 
Institute of Technology, Cambridge, 
Mass. 1960 ASME Winter Annual Meeting 
paper (multilithographed; available to 
Oct. 1, 1961). 

The precision linear vibrator is a test- 
ing device that subjects a gyro (or other 
test specimen) to a precisely controlled 
rectilinear sinusoidal vibration. 

A precision linear vibration testing 
machine was designed and built at the 
M.1.T. Instrumentation Laboratory for 
evaluation of the effects on the per- 
formance of the M.I.T. single-degree-of- 
freedom floated integrating gyroscope of 
acceleration up to 5 G over a frequency 
range of 10 to 50 cps. The vibrator is 
described in detail. Recent hypotheses 
concerning the existence of gyro com- 
pliance in three-dimensional form are 
examined, and a detailed analysis of gyro 
test data is presented in an unclassified 
manner. 

The objectives of the tests on the pre- 
cision linear vibrator were: (4) To 
measure the compliance coefficients pre- 
dicted by theory to exist; and (6) to 
check for nonlinearities; that is, to de- 
termine whether or not classical elasticity 
theory applies to the single-degree-of- 
freedom floated gyro. 

The data indicate the existence of 
compliance coefficients that are functions 
of the applied acceleration squared and 
that may be used to describe the perfor- 
mance of a gyro in a linear acceleration 
and/or linear vibratory acceleration en- 
vironment. 
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VTOL observation vehicle, above, with two fuselage-mounted 


lift fans. 


Fan rotor, right, is a single-stage axial-flow 


compressor driven by a turbine that is mounted 


at the tips of the blades. 


The rotor assembly has an 


over-all diameter of 72.51 in. (60—WA-224). 


A Tip-Turbine Driven Lift Fan for VTOL 
Aircraft. . 60—WA-224... By A. P. Adam- 
son, Mem. ASME, and B. H. Rowe, Gen- 
eral Electric Company, Evendale, Ohio. 
1960 ASME Winter Annual Meeting paper 
(multilithographed; available to Oct. 1, 
1961). 


During the past few years the initial 
phases of the development of an ad- 
vanced propulsion system designed to 
give aircraft the capability of vertical 
take-off and landing (VTOL) have been 
completed. 

From studies performed in 1957 by the 
Flight Propulsion Laboratory Depart- 
ment of General Electric in connection 
with a contract with the Transportation 
Research Command of the United States 
Army, one of the systems that showed a 
considerable amount of promise was a 
convertible one that used the jet engine 
for normal flight and a lift fan driven by 
turbine buckets mounted at the tips of the 
compressor for take-off and landing. 

This paper presents the engineering 
philosophy inherent in the design of the 
lift fan. Included are some of the results 
of full-scale testing in the static test 
facility at Evendale, Ohio, and the wind- 
tunnel tests at Ames in California. 


The Application of the Pinch Process for 
Space Propulsion . . 60—WA-254... By 
Irving Granet, Mem. ASME, and William 
J. Guman, Republic Aviation Corporation, 
Farmingdale, L. 1., N. 960 ASME 
Winter Annual Meeting paper (multilitho- 
graphed; available to Oct. 1, 1961). 


A “‘pinch"’ can be characterized as a 


shock producing electrical discharge 
propagated by the presence of a self- 
induced magnetic field. This process has 
been used in thermonuclear work to ob- 
tain extremely high temperatures by 
converting the kinetic energy of the bulk 
motion to thermal energy. 

The electromagnetic pinch phenome- 
non has been the subject of considera- 
ble research in recent years because of 
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its possible application for achieving a 
sustained thermonuclear reaction. For 
such a reaction it is desired to impart 
energy to a plasma with the intent of 
obtaining a maximum internal (random 
nondirected) energy. When this process 
is applied to a propulsion system suitable 
for space application, the mode of opera- 
tion differs from the fusion program since 
the primary object is to obtain a maxi- 
mum directed thrust. Two thrust-pro- 
ducing possibilities suggest themselves, 
one of which is to expand the heated 
stagnant plasma through a nozzle, the 
other is to conserve the pinch motion. 
This latter technique is shown to be the 
more desirable mode of operation and 
the principle has been proved in the 
laboratory. 


High-Pressure Research in Metallurgy . 
60—WA-271... By John E. Hilliard, Gen- 
eral Electric Research Laboratory, Sche- 
nectady, N. Y. 1960 ASME Winter Annual 
Meeting paper (multilithographed; availa- 
ble to Oct. 1, 1961). 

The recent development of equipment 
capable of simultaneously attaining ultra- 
high pressures and temperatures has 
opened up a new field of research in 
metallurgy. 

There are two contributions high- 
pressure research can make to metallurgy. 
One is its use in the manufacture of alloys 
having properties otherwise unobtaina- 
ble, the other is its use as a research tool 
to advance our knowledge of the at- 
mospheric-pressure behavior of metals. 
For either application it is necessary to 
know the effects of pressure on the basic 
properties of metals, and the existing 
experimental data have been surveyed 
with this fact in mind. 

By way of illustrating the applications 
of such research, this paper reviews recent 
experimental work on the effect of high 
pressures on the over-all properties of 


alloys and also on the more elementary 
properties, such as diffusion, thermo- 
dynamics, and defect concentration. 


Automated Maintenance and Airline 
Economy for Supersonic Aircraft. . 
60—WA-274...By Eric R. Woods and 
Charles L. Blake, Convair, San Diego, 
Calif. 1960 ASME Winter Annual Meeting 
paper (multilithographed; available to 
Oct. 1, 1961). 


Convair is conducting studies and re- 
search directed toward the realization of 
a supersonic transport system. A key 
area in this effort is maintenance and 
support systems and their effect on the 
design of the vehicle. Inspection and 
maintenance are performed for the pur- 
pose of keeping the aircraft in optimum 
working condition and preventing opera- 
tional failure. A number of systematized 
approaches to this problem are in use 
today. There is growing recognition, 
however, that the most desirable situa- 
tion is to monitor sufficient data in each 
aircraft to permit reliable, economic 
planning of maintenance for each system. 

The paper presents a general discussion 
of the economic aspects of these problems 
and the required automated approach. 
An automatic checkout system is illus- 
trated. Functions for the selection, 
Measurement, comparison, and analysis 
of data are shown. The key to the 
system is shown to lie in the memory 
and program management function. 
These are the elements that control what 
is selected, how it is tested and evalu- 
ated. This part of the system is basically 
a digital computer of the type employed 
for control and data processing. Asso- 
ciated with this system, and operating 
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under its control are any necessary stimu- 
lus generators and measurement trans- 
ducers not convenient to integrate with 
the aircraft. These latter devices are 
primarily those associated with com- 
munication and navigation system. Fi- 
nally, the provisions necessary to insure 
valid self-test and self-fault-isolation are 
included. Such a device can complete a 
comprehensive ground checkout of the 
airplane in a few minutes, including fault 
isolation, if this is desired. 

An example of the way in which such a 
system might work is illustrated. 


System Test Techniques for Mach 3 
Aircraft . . 60—WA-280... By A. C. Fulker- 
son, North American Aviation, Los 
Angeles, Calif.; and M. Pollack, Auto- 
netics, a division of North American Avi- 
ation, Inc., Downey, Calif. 1960 ASME 
Winter Annual Meeting paper (multilitho- 
graphed; available to Oct. 1, 1961). 


The embryonic Mach-3 jet transport is 
already within our sights now that such 
design configurations as North American 
Aviation's B-70 long-range jet bomber 
has seen the light of day. 

In order to achieve high utilization 
rates of the Mach-3 airliner at high-per- 
formance confidence levels, a testing con- 
cept new to the airlines must be developed 
and implemented. However, economic 
considerations dictate that existing main- 
tenance facilities, personnel, and equip- 
ment must be used with minimum altera- 
tion. 

Taking the B-70 aircraft as a generic 
model of future Mach-3 transports, the 
authors demonstrate how the aircraft's 
existing airborne computer and tape 
recorder may be used routinely to initiate 
inflight tests and read out results. They 
suggest that comprchensive testing of the 
Mach-3 systems would require the fol- 
lowing four distinct kinds of tests: 

1 Confidence Testing. The ability 
of the systems to perform their functions 
is tested in the air or on the ground. 
This will be the only type of test 
normally performed on a layover in- 
spection or service check. 

2 Fault Isolation. A faulty unit 
detected by the confidence test is iden- 
tified and replaced. 

3 Periodic Inspection. Those por- 
tions of circuits not validated by the 
confidence tests are tested, and any 
possible preventive maintenance is per- 
formed. 

4 Shop Maintenance. All required 
maintenance (other than overhaul) is 
performed on airborne units which are 
removed from the aircraft. 


It is claimed that this approach to 
automatic checkout of these future air- 
craft will permit less frequent periodic 
ground checkouts and at the same time 
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insure higher operational confidence 
levels over greater periods of time. 


Tactical and Operational Advantages 
Attainable by Superperformance Air- 
craft Rocket Engines. .60—WA-275... 
By Charles R. Bell, Mem. ASME, Rock- 
etdyne, a division of North American 
Aviation, Inc., Canoga Park, Calif. 1960 
ASME Winter Annual Meeting paper 


(multilithographed; available to Oct. 1, 
1961). 


The concept of using rocket engines to 
supplement primary power plants in 
aircraft is examined to determine if 
combat advantage can be gained. 

Although this paper does not apply 
directly to commercial transport air- 
craft, it provides an explanation of the 
reasons for military programs to develop 
rocket engines for aircraft. Continuous 
comparison of this concept with other 
methods of thrust augmentation is made 
in terms of superperformance in take-off, 
climb, acceleration, and maneuvering 
versus weight and range penalties. 

The present state of art indicates that 
in terms of rate of energy change, rocket 
augmentation at high altitudes in special 
cases can be superior to other methods 
such as water-mixture injection, variable 
inlet/exhaust geometry, and ducted ar- 
rangements. 

It is concluded that the AR engine is an 
expediency for extension of the opera- 
tional life of existing aircraft, as well as 
for integration into future aircraft de- 
signs for facilitating high-altitude opera- 
tional flexibility. The complementary 
utilization of the AR concept in flight 
testing indicates this potential, and it is 
recommended for the objectives of air 
defense and strategic offensive missions 
in present and future tactical doctrines. 


Heavy Presses in the Space Age. . 60— 
WA-288...By L. W. Mayer, Aluminum 
Company of America, New Kensington, 
Pa. 1960 ASME Winter Annual Meeting 
paper (multilithographed; available to 
Oct. 1, 1961). 


A brief description of the USAF heavy- 
press equipment operated by Alcoa is 
presented, and its utilization in support 
of the military aircraft program is de- 


Corrosion and Deposits 


The Role of Chemical Thermodynamics 
in Analyzing Gas-Side Problems in 
Boilers . .60—WA-182...By R. H. Boll 
and H. C. Patel, The Babcock & Wilcox 
Company, Research Center, Alliance, 
Ohio. 1960 ASME Winter Annual Meeting 
paper (in type; to be published in Trans. 
ASME—J. Engng. for Power; available to 
Oct. 1, 1961). 


Gas-side fouling and corrosion in 
boilers (and gas turbines), as well as air 
pollution, are problems of increasing im- 
portance in the production of electrical 


scribed. Current missile and space- 
vehicle applications, such as the Mercury 
capsule’s forged beryllium heat sink, are 
described. It is shown how the heavy 
presses, cither alone or in combination, 
can be utilized to produce or to assist in 
producing large, thin-walled shells and 
tubular shapes for missile tankage and 
motor-case applications. The continued 
utilization of these large metalworking 
facilities on materials other than alu- 
minum is described. 


Electrical Propulsion Applications and 
System Requirements. .60—WA-291... 
By C. J. McDole, Rocketdyne, a division of 
North American Aviation, Inc., Canoga 
Park, Calif. 1960 ASME Winter Annual 
Meeting paper (multilithographed; availa- 
ble to Oct. 1, 1961). 


A number of different types of clec- 
trical-thrust devices have been proposed 
for space applications. Of these, only 
two, the clectrothermal or plasmajet 
engine; and the electrostatic, or ion, 
engine are presently playing a major role 
in the national electrical propulsion 
program. The discussion here is re- 
stricted to these two types of clectrical- 
thrust devices. 

In its simplest form, the plasmajet 
consists of an electric arc, a means of 
introducing the propellant into the arc 
chamber, and a nozzle through which 
the propellant which has been heated 
by the arc can be expanded to produce 
thrust. The ion engine consists of a 
source of charged particles, a system for 
accelerating these charged particles to 
high velocities, and a means of ejecting 
charged particles of opposite sign to 
those making up the ion beam at such a 
rate as to keep the vehicle electrically 
neutral at all times. 

Missions such as manned and un- 
manned satellites, and planetary recon- 
naissance, to which these devices are 
very applicable, the work that must be 
done before these missions can be flown, 
and a tentative schedule, are discussed. 
The need for very careful system in- 
tegration and extreme reliability is 
pointed out. 


power from coal. The composition of 
combustion gas is basic to the study of 
these phenomena for it transports various 
gaseous compounds, and in it may occur 
various chemical reactions which con- 
tribute to each of them. 

Part 1 of this paper deals with equi- 
librium concentrations of 29 gaseous and 
five condensed constituents calculated for 
the combustion gases from two coals. 
Temperatures ranged from 440 to 3140 F 
and fucl-air ratios from 90 to 130 per 
cent of theoretical air. Results are pre- 
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sented in graphical and tabular form 
paying particular attention to sodium, 
sulfur, and chlorine compounds. A few 
of the many possible inferences relevant 
to fouling, corrosion, and air pollution 
are pointed out. Starting from the 
equilibrium-gas-composition results of 
_ Part 1, the regions of thermodynamic 
stability of various sodium and iron 
compounds are obtained in Part 2 as 
functions of temperature and fuel-air 
ratio. It is shown that purely thermo- 
dynamic considerations impose an upper 
temperature limit upon corrosion mecha- 
nisms involving complex iron sulfates. 
An explanation is advanced for the severe 
fouling tendency of high alkali coals. 


A Study of Sulfur Reactions in Furnace 
Deposits . . 60—WA-183... By M. Wein- 
traub, S. Goldberg, andA. A. Orning, Mem. 
ASME, Bureau of Mines, U. S. Depart- 
ment of the Interior, Pittsburgh, Pa. 
1960 ASME Winter Annual Meeting paper 
(in type; to be published in Trans. ASME 
—J. Engng. for Power; available to Oct. 
1, 1961). 


A study was made of absorption of 
sulfur from synthetic flue gas by coal ash. 
When fly ash was placed in a temperature 
gradient like that in a deposit on a boiler 
tube, maximum absorption was found 
in the coldest layer. When held at 
constant temperature, maximum ab- 
sorption was found at 1100 F. The 
amount of absorption was highest for 
fly ash from furnaces in which serious 
deposit formation was observed. It 
was also highest for fly ash containing 
the highest content of sodium and po- 
tassium. The sulfur is probably ab- 
sorbed as mixtures of normal sulfates, 
pyrosulfates, and such compounds as 
potassium-ferric trisulfate. A liquid 
phase of these compounds in contact 
with tube metal causes corrosion. The 
maximum sulfur absorption found at 
1100 F coincided with a maximum at the 
same temperature that was observed for 
external tube-metal corrosion. 


Corrosion of Superheaters and Re- 
heaters of Pulverized-Coal-Fired Boilers, 
tl. . 60—WA-180... By Carl Cain, Jr., and 
Wharton Nelson, Combustion’ Engi- 
neering, Inc., Kreisinger Development Lab- 
oratory, Chattanooga, Tenn. 1960 ASME 
Winter Annual Meeting paper (in type; 
to be published in Trans. ASME—J. 
Engng. for Power; available to Oct. 1, 
1961). 


Studies of high-temperature fireside 
corrosion of reheater and superheater 
tubes in pulverized-coal-fired boilers are 
discussed. Factors affecting the tem- 
perature range and rate of corrosion by 
molten complex alkali sulfates are de- 
scribed. The influence of sulfides, pro- 
duced by reaction of complex sulfates 
with tube metal, on corrosion rate is 
discussed. The similarity of coal-ash 
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to oil-ash corrosion mechanism is 
brought out. Methods for distinguish- 
ing liquid phase from gas-phase corrosion 
on ferritic alloys are presented. 


Slurry Spraying for the Control of Cor- 
rosion and Deposits in Oil-Fired Boilers 
. -60—WA-284...By W. F. Cantieri and 
R. E. Chappell, Mems. ASME, Diamond 
Power Specialty Corporation, Lancaster, 
Ohio. 1960 ASME Winter Annual Meeting 
paper (multilithographed; available to 
Oct. 1, 1961). 


The problems of corrosion and deposits 
in oil-fired boilers increase as the vana- 
dium, sulfur, and sodium content of the 
oil increases. Many approaches have 
been tried to combat these problems, the 
most promising being the use of addi- 
tives. 

There are, basically, three methods of 
getting the additive into the boiler; 
namely, mix it with the fuel oil, inject 
it through the burners or ports in the 
furnace walls, or spray it on the tubes 
through soot blowers or other lances. 

This paper summarizes investigations 
on the application of slurry-sprayed addi- 
tives to oil-fired boiler tubes, which have 
been performed over the past five years 
in co-operation with the Florida Power 
& Light Company. 

A brief history of additives and a de- 
scription of the equipment and applica- 
tion considerations for slurry is also 
given. 


Effect of Ammonia Injection on Corrosion 

in Air Preheaters ..60—WA-255... By 

R. Kato and B. E. Paris, Foster Wheeler 

Corporation, New York, N. Y. 1960 ASME 

Winter Annual Meeting paper (multi- 

lithographed; available to Oct. 1, 1961). 

Boiler-plant operators have long been 
aware that severe corrosion of econo- 
mizers, air preheaters, and boiler casings 
occurs when metal temperatures drop 
below the water dew point. During 
load fluctuations and boiler shutdown, 
deposition of sulfurous acid, hydro- 
chloric acid, and other corrosive sub- 
stances takes place when water is con- 
densed from the flue gas at its dew point, 
which may be from 100 to 130 F, de- 
pending upon the nature of the fuel and 
the boiler operating conditions. 

In addition, modern boilers are also 
plagued by corrosion which occurs at 
temperatures above the water dew point. 
The consensus among researchers is that 
a small amount of SO; vapor in the flue 
gas Causes condensation at temperatures 
higher than the water dew point, re- 
sulting in sulfuric-acid corrosion at 
temperatures ranging from 200 to 300 F. 

Tests conducted in a pulverized-coal- 
fired boiler to investigate the effectiveness 
of ammonia injection in reducing this 
corrosion have shown that the injection 


of ammonia into the flue gases at 420 F 
virtually climinated the corrosion at 
metal temperatures between 150 F and 
420 F. It was further observed that no 
deposit build-up took place in the air 
preheater while ammonia was being in- 
jected over a period of 60 hr. To the 
best of the authors’ knowledge, this is 
the first successful trial of ammonia in- 
jection in a large pulverized-coal-fired 


boiler. 


New Developments for Handling the 
Fuel-Oil-Ash Corrosion Problem. .60— 
WA-260... By -D. W. McDowell, Jr., The 
International Nickel Company, Inc., New 
York, N. Y.; and J. R. Mihalisin, The 
International Nickel Company, Inc., Bay- 
onne, N. J. 1960 ASME Winter Annual 
Meeting paper (multilithograped; availa- 
ble to Oct. 1, 1961). 


Since 1949 considerable attention has 
been focused, in the United States, on the 
high-temperature corrosion problem that 
the burning of residual fuel oils has 
presented to industry. This is particu- 
larly true in the Atlantic Coast states 
where large quantities of bunker C have 
been used for many types of industrial 
heating. The combustion products from 
these fuels include a considerable amount 
of ash containing vanadium pentoxide, 
sodium, and sulfur compounds. Such 
combustion products have a low fusion 
temperature and when liquid, exert a 
fluxing action on metal oxides with 
which they come in contact. Field 
tests have indicated that while this 
problem presents quite a challenge to the 
alloy-development metallurgist, new 
high chromium-high nickel alloys show 
promise in combating these very corro- 
sive atmospheres. 

Other approaches to the problem in- 
clude oil treatment, additives, protective 
coatings, and design changes. These 
are considered in some detail with an 
appraisal of how successful these have 
been in solving the problem. Current 
laboratory work at The International 
Nickel Company, Inc., also is discussed. 


Reactions of Magnesium With Inorganic 
Constituents of Heavy Fuel Oil and 
Characteristics of Compounds Formed .. 
60—WA-278... By W. D. Niles and H. R. 
Sanders, Esso Research and Engineering 
Company, Linden, N. J. 1960 ASME 
Winter Annual Meeting paper (multi- 
lithographed; to be published in Trans. 
ASME—J. Engng. for Power; available to 
Oct. 1, 1961). 


High-temperature corrosion caused by 
trace quantities of metals together with 
sulfur is a continuing problem in heavy- 
fuel-oil operation, particularly in new 
high-temperature steam boilers and gas 
turbines. 

The best key to an improved insight 
into these problems is perhaps a better 
understanding of the basic chemistry of 
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the sodium-vanadium-magnesium-sulfur 
systems involved. A study of the litera- 


ture showed that considerable work has 


been done in this area. For example, 
sodium-vanadium reactions have been 
fairly well defined and the identification 
of some magnesium-vanadium compounds 
has been made. However, several im- 
portant gaps in available knowledge were 
apparent. These included the physical 
characteristics of the compounds, the 
factors influencing the type of mag- 
nesium-vanadium compound which forms, 


Human Factors 


Some Suggested Uses for the Optiscan— 
A Head-Mounted Eye Camera. .60—WA- 
304... By Norman H. Mackworth, Dunlap 
and Associates, Inc., Stamford, Conn. 
1960 ASME Winter Annual Meeting paper 
(multilithographed; available to Oct. 1, 
1961). 


The Optiscan, a new _ optical-eye 
camera, registers where someone is look- 
ing by marking the position of the line 
of sight onto a photographic image of the 
scene. An 8mm movie camera is 
mounted on a helmet to record the general 
area of regard as this is selected by head 
and body movements. Somewhere on 
this movie record of the scene is also a 
bright spot of light; this additional 
record, termed the eye-marker, represents 
the specific position of the line of sight 
determined by the eye movements. This 
eye-marker is obtained from the corneal 
reflection by a periscope in front of one 
eye. 

The possible uses of this technique 
encompass a wide range of problems— 
real-life as well as laboratory situations. 
In the area of engineering these are con- 
cerned with the design and general layout 
of information rooms and wall boards as 


The Optiscan, a 
head-mounted eye camera 
designed to mark onto a 
motion picture of the visual 
surroundings the exact position 
of the wearer's gaze (60—WA-304) 


and the reason why magnesium additives 
cause increased deposition under certain 
conditions. 

To fill in these gaps, a research pro- 
gram was undertaken by Esso Research. 
This involved checking available litera- 
ture data on the sodium-vanadium-sulfur 
system, doing new work on the mag- 
nesium-vanadium-sulfur system, and 
studying the physical behavior of the 
compounds formed. 

High-temperature reactions of mag- 
nesium with heavy-fucl-oil ash were 


well as with the design ot individual dis 
plays for specific instruments. In con- 
sumer research they include the measure- 
ment of choice and the study of attention- 
getting devices. Medical applications 
deal with accident prevention, studies of 
drugs, and adverse environments as well 
as brain and eye diseases. Basic research 
is seen to take the form of studies in 
visual search and tracking as well as in 
reading and shape recognition. Much 
can be done also on problems arising dur- 
ing prolonged performance at exacting 
inspection tasks. 


The Human Eyeas a Servo Control Mecha- 
nism . . 60—WA-281. . By Carroll T. White, 
U. S. Navy Electronics Laboratory, San 
Diego, Calif. 1960 ASME Winter Annual 
Meeting paper (multilithographed; availa- 
ble to Oct. 1, 1961). 

The front of the eye is electrically posi- 
tive in respect to the back of the eye. 
This potential difference, known as the 
corneo-retinal potential, has proved to 
be extremely useful in the study of various 
problems in vision. 

The corneo-retinal potential has been 
utilized in the study of eye movements 
during reading and other visual tasks. 
This can be accomplished by placing 
electrodes next to the outer edge and 
above and below each eye. As the front 
of the eye approaches an electrode the 
site of that electrode will become in- 
creasingly positive electrically, while the 
opposite electrode will become increas- 
ingly negative. It has been found that 
by recording these d-c potential changes 
with electrodes placed as described it is 
possible to obtain reasonably accurate 
representations of the horizontal and 
vertical components of the eyes’ move- 
ments. 

The fact that the horizontal and verti- 
cal components of eye movements can be 
obtained in this manner has led to specu- 
lation that the eye might, in certain 
situations, be used as a control mecha- 
nism. 

The author describes an attempt to 
control a servo-driven device in this way. 


studied in static reaction tests and the 
products formed were identified. The 
effect of SOs partial pressure on fuel-ash 
reactions and the corrosivity of the com- 
pounds formed were established. This 
work has enabled development of a 
systematic method of predicting deposit 
compositions and characteristics from a 
knowledge of fucl-ash composition and 
burner-operating conditions. Extensive 
comparisons are made between predicted 
compositions and actual analysis of de- 
posits from commercial burner units. 


The device is a gimbal-mounted light- 
beam projector, whose point of aim is 
controlled by two sets of servo-driven 
rack-and-pinion gears, one set for the 
horizontal and the other for the vertical 
component. It was designed for an 
entirely different purpose, but it can be 
controlled by feeding the potentials repre- 
senting the X and Y-components of the 
eye movements, suitably amplified, into 
its servomotors. 


The Evolution of Locomotion: A Conjec- 
ture Into the Future of Vehicles. .60— 
WA-303... By M. G. Bekker, Land Loco- 
motion Laboratory, Ordnance Tank-Auto- 
motive Command, Detroit, Mich. 1960 
ASME Winter Annual Meeting paper 
(multilithographed; available to Oct. 1, 
1961). 


There seems to be a continuity of 
evolution of locomotion on Earth sur- 
face. It started with crawling and 
sliding of reptiles and ended with the 
rolling of man-made wheels. On this 
background, a wheel and the road ap- 
pear to be the ultimate, although walk- 
ing and running have not been surpassed 
in versatility, economy, and efficiency in 
off-the-road locomotion. 

Whether it is necessary to imitate 
animal locomotion in automotive design 
has been a doubtful question, for roads. 
rails, and wheels are much easier to make, 
If, however, there were a need to con- 
struct a walking or running vehicle for 
operation on the moon's surface where no 
roads exist, then the problem might be 
of some interest. 

Such a problem, however, would not 
be that of kinematics and dynamics of 
translation or straightforward mechani- 
cal engineering. It would be the prob- 
lem of designing an incredibly complex 
system of feedbacks, controls, and equili- 
brators which would provide the sensing 
and controlling ability needed to main- 
tain the stability of the vehicle at high 
speeds that running can produce. 

For the moment, however, there is 
nothing better in sight in land locomo- 
tion beyond the wheel with all its 
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A complete artificial-limb assembly in- 
cluding the four-bar linkage and hy- 
draulic vane damper. Diagram at 
right shows sequence of operation of 
hydraulic vane unit (60—WA-305). 


variants produced by pneumatic tires and 
track-laying mechanisms. Spider-legged 
vehicles may be considered as fiction, for 
the present. 


Experimental Cerebral Concussion. 
60—WA-273...By H. R. Lissner, Mem. 
ASME, Wayne State University, Detroit, 
Mich.; and E. S. Gurdjian, Wayne State 
University and The Grace Hospital, 
Detroit, Mich. 1960 ASME Winter Annual 
Meeting paper (multilithographed; availa- 
ble to Oct. 1, 1961). 

Experimental concussions were pro- 
duced in anaesthetized dogs by various 
means. Blood pressure, pulse rate, and 
respiration were monitored and used to 
provide evidence of the degree cf con- 
cussion produced. Accelerations of the 
head, intracranial pressures, and their 
time durations were recorded and an 
attempt was made to correlate these 
factors with the degree of concussion 
produced. Interpretation of the results 
obtained indicates that shear stress in the 
brain stem region of the brain causes cell 
damage and hemorrhages which are the 
direct cause of concussion. 


The Center of Mass of Man. . 60—WA-306 
... By Barry G. King, C. T. Patch, and Paul 
G. Shinkman, Operations Research Inc., 
Silver Spring, Md. 1960 ASME Winter 
Annual Meeting paper (multilithographed; 
available to Oct. 1, 1961). 


While the position of man's center of 
mass (CM) changes as the various parts 
of the body are moved with respect to 
each other, it will lie within certain 
boundaries which can be considered to 
be the ‘‘center of mass envelope."’ It is 
the purpose of this paper to describe 
these maximum displacements of the 
CM from the CM of the human body in 
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erect standing posture which result from 
maximum movements of the affected 
joints. The calculations for developing 
the envelope are based upon such data a$ 
are available in the literature. 

This description is considered to be 
adequate for understanding motion and 
changes in motion of the body from 
forces directed through or outside the CM. 


Biomechanical Design of a _ Lower- 
Extremity Prosthesis . . 60—WA-305.. By 
Charles W. Radcliffe, Assoc. Mem. ASME, 
University of California, Berkeley, Calif. 
1960 ASME Winter Annual Meeting paper 
(multilithographed; available to Oct. 1, 
1961). 


The design and development of an im- 
proved prosthesis for the above-knee 
amputee constitutes an unusual problem 
for the engineering designer. The pros- 


Materials Handling 


Methods Engineering in Materials Han- 
dling . . 60—WA-99...By J. C. Somers, 
Mem. ASME, Industrial Products Engi- 
neering Company, Long Island City, N. Y. 
1960 ASME Winter Annual Meeting paper 
(multilithographed; available to Oct. 1, 
1961). 


A most difficult problem today is to 
provide adequate and flexible materials 
flow under conditions of unpredictable 
output-input quantities. Making the 
problem extremely complex are severe 
requirements in quality control, where 
error due to variance may prove of serious 
consequence at the point of use of the 
product. The significance of the role 
of the methods engineer is discussed with 


The vane reverses direction as the As the vone posses port “8” onthe 
shin swings forword Check volve forward swing, resistance starts as 
open, allowing the shin to the flow changes to needie valve “A” 
swing forword with resist The lmkage arrangement increases 
once the deceleration effect by increas 
ing the relative vane velocity near 
extension 


thesis worn by an amputee is a specialized 
mechanism which becomes a part of all 
his daily activities—a true man-machine 
combination—and must provide un- 
failing performance under many different 
conditions. Its design must be based on 
biological and mechanical principles. 
Criteria are established for the design of 
a prosthesis for above-knee amputees. 
Included is an analysis of factors which 
influence the stability of the prosthetic- 
knee mechanism against buckling; a 
comparison is made between designs 
based on passive-alignment stability and 
those based on active-voluntary control 
of knee stability by use of hip and stump 
musculature. A combination four-bar 
linkage and hydraulic-damper unit has 
been found to provide many functional 
advantages to above-knee amputees. 


his work in determination of adequate 
flow techniques. His function can be 
devoted to enumerative studies to evalu- 
ate and correct a specific item or thing. 
It can alternatively be an analytical 
study involving a process analysis and a 
complete essential flow technique. 
Where the work relates to analytical 
study, plant layout or work simplifica- 
tion or simulation, and in some cases 
mathematical modeling may be used; 
at the present state of science, as it is 
developing, these are the available tools. 
Their practicability in each case depends 
on the complications and difficulties of 
each project. Their value also depends 
on the skill of the engineer and his 
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A central monitoring panel for 40 conveyer drives in seven systems. 
conveyers each, plus auxiliary units. 


switch on the console. 


duction and trouble stops (60—WA-223). 


thinking with regard to research tech- 
niques available in the current, rapidly 
changing world of science, space, and 
research. 


Materials Handling Transportation Fork 
Truck Versus Trailer Train. .60—WA- 
101...By Frederick C. Winter, Mem. 
ASME, Columbia University, New York, 
N. Y. 1960 ASME Winter Annual Meeting 
paper (multilithographed; available to 
Oct. 1, 1961). 


Two categories of materials-handling 
equipment are potential competitors of 
one another where materials are to be 
moved intermittently, over varying dis- 
tances and over irregular routes. They 
are the industrial fork-lift truck employ- 
ing a variety of attachments and the 
tractor-trailer train. Various authorities 
have published figures that range from 
100 to 300 ft as a guide to the economic 
limit of fork-lift-truck materials trans- 
portation. Beyond this range they indi- 
cate that the transportation is in the 
province of the tractor-trailer train. 

As a partial result of larger U.S. De- 
partment of Agriculture research proj- 
ects conducted in several industries and 
based on an across-the-industry approach, 
additional data have become available 
for evaluating the application of these 
two media of materials transportation. 

Research results are presented for the 
handling of both palletized and un- 
palletized materials by this equipment 
under comparable conditions. 


Synchronization of Conveyer Drives.. 
60—WA-223... By Jervis C. Webb, Mem. 
ASME, Jervis B. Webb Company, Detroit, 
Mich. 1960 ASME Winter Annual Meeting 
paper (multilithographed; available to 
Oct. 1, 1961). 


Synchronization of conveyer drives is 
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a means of continuous processing, 
amounting to controlled or self-regulated 
continuous flow of work from one con- 
veyer or machine to another until the 
work is completed. This paper con- 
siders the synchronization of drives on 
independent conveyers, assuming that 
each conveyer has only one drive. The 
discussion is confined in this manner so 
as not to confuse the art of synchronizing 
drives between independent conveyers 
with the art of “‘balancing’’ which is 
synchronizing several drives on the same 
conveyer, a closely related problem. 
Synchronizing normally requires con- 
sideration of two factors—speed and 
position. For proper synchronization of 
conveyers certain basic requirements 
must be met: (@) All load spaces on the 
conveyer must be equal. (4) Drives 


Applied Mechanics 


On the Stability of the Linearly Related 
Modes of Certain Nonlinear Two-Degree- 
of-Freedom Systems. .60—WA-26... By 
C. P. Atkinson, Mem. ASME, University 
of California, Berkeley, Calif. 1960 ASME 
Winter Annual Meeting paper (in type; 
to be published in Trans. ASME—J. 
Appl. Mech.; available to Oct. 1, 1961). 


A method is presented for analyzing a 
pair of coupled nonlinear differential 
equations of the Duffing type in order to 
determine whether linearly related modal 
oscillations of the system are possible. 
The system has two masses—a coupling 
spring and two anchor springs. For the 
systems studied, the anchor springs are 
symmetric but the masses are not. The 
method requires the solutien of a poly- 
nomial of fourth degree which reduces to 
a quadratic because of the symmetric 


Two of the systems have 10 synchronized 
Each system has one master drive with speed controlled by a manual 
Lights around the map show any point of stoppage and distinguish between normal pro- 


require a means for remote-control speed 
changing and brakes for uniform stop- 
ping. (c) Controls must provide inter- 
locking so all conveyers will run and 
change speed together. (d) Controls must 
set the speed of individual conveyers to 
maintain position relationships, permit 
manual emergency operation, and provide 
signals to show malfunction or local 
stoppage. (¢) The conveyer path and 
control should provide for positive trans- 
fer of carriers across gaps between inde- 
pendent conveyers. 

Although all the methods of synchro- 
nization seem to be completely inter- 
twined, for purposes of practical discus- 
sions they are broken down into three 
different categories: (4) Direct mechani- 
cal tics; (6) drives locked in step; (c) 
drives with feedback control. 


springs. The roots are a function of the 
spring constants. When a particular set 
of spring constants is chosen, roots can 
be found which are then used to set the 
necessary mass ratio for linear modal 
oscillations. Limits on the ranges of 
spring-constant ratios for real roots and 
poOsitive-mass ratios are given. A gen- 
eral stability analysis is presented. 


Random Excitation of a System With 
Bilinear Hysteresis . . 60—WA-27... By T. 
K. Caughey, California Institute of Tech- 
nology, Pasadena, Calif. 1960 ASME 
Winter Annual Meeting paper (in type; 
to be published in Trans. ASME—J. 
Appl. Mech.; available to Oct. 1, 1961). 


Hysteresis may be due to the presence 
of Coulomb friction in the system, or it 
may be due to elastoplastic behavior of 
the material in the system. As an 
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example of hysteresis due to Coulomb 
friction, consider a steel-framed building 
with masonry walls. The masonry is 
held in place primarily by its own weight 
and the resulting frictional forces de- 
veloped between the masonry blocks. 
If the building is caused to vibrate, both 
the masonry and the structural steel work 
contribute to the stiffness of the building. 
For small amplitudes of motion, the 
shearing forces in the masonry are in- 
sufficient to overcome the frictional 
forces, and the masonry contributes con- 
siderable shear rigidity to the building. 
As the amplitude of the motion is in- 
creased a point will be reached at which 
the shearing forces in the masonry exceed 
the frictional forces, and relative sliding 
will then occur. During this portion of 
the motion the shear rigidity of the build- 
ing is that of the structural steel work; 
though the masonry no longer contrib- 
utes to the rigidity of the structure, the 
relative sliding of the masonry blocks 
dissipates energy, thereby providing an 
additional source of damping. Such a 
system would exhibit bilinear hysteresis 
of the type shown. 

An analysis is made of the response of 
a system with bilinear hysteresis to 
random excitation. It is shown that for 
moderately large inputs, the additional 
damping created by the bilinear hysteresis 
decreases the mean squared deflection 
compared with that for a linear system 
with the same viscous damping. How- 
ever, for large inputs, the decrease in the 
stiffness of the system due to the bilinear 
hysteresis causes the mean squared de- 
flection to increase over that for the 
equivalent linear system. 


On the Compressibility Effects of the 
Lubricant for Two-Dimensional Slider 
Bearings . .60—WA-29...By K. T. Yen, 
Rensselaer Polytechnic Institute, Troy, 
N. Y. 1960 ASME Winter Annual Meeting 
paper (in type; to be published in Trans. 
ASME—J. Appl. Mech.; available to Oct. 
1, 1961). 

An analytical study of the compressi- 
bility effects on the characteristics of 
two-dimensional slider bearings is made. 
By the variational method, it is shown 
that, for a given bearing length, no 
optimal film shape of the bearing can be 
found to yield a maximum total load. 
Analysis of the numerical results carried 
out for stepped films with a compressible 
lubricant under isothermal compression 
or expansion indicates that this anomaly 
is due to the nonlinear nature of the 
compressible problem. By considering a 
modified variational problem, it is 
further shown that stepped-film bearings 
with isothermal lubricant still yield the 
maximum total load for a given mass 
flow rate passing through the bearings, 
but the exact shape of the optimal stepped 
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film is found to depend on the value of 
the maximum pressure. 


Stresses and Deflections in an Elastically 
Restrained Circular Plate Under Hydro- 
static Normal Pressure Over a Segment 
6€0—WA-30... By W. A. Bassali, Uni- 
versity of Alexandria, Alexandria, Egypt; 
and N. O. M. Hanna, Ein Shams Uni- 
versity, Cairo, Egypt. 1960 ASME Winter 
Annual Meeting paper (in type; to be 
published in Trans. ASME—J. Appl. 
Mech.; available to Oct. 1, 1961). 


Discussed is the application of complex 
variable analysis to establish exact ex- 
pressions for the small deflections oc- 
curring in a thin isotropic circular plate 
subject to hydrostatic transverse pressure 
distributed over a segment of the plate. 
The general boundary conditions taken 
at the edge of the plate include those for 
the simply supported and rigidly clamped 
boundaries as particular cases. In the 
latter case the solution is obtained in a 
closed form. 

Explicit formulas are given for the 
boundary values of the bending and twist- 
ing moments and shearing forces. Ex- 
pressions are also developed for the 
corresponding values on the axis of 
symmetry. When the hydrostatic pres- 
sure extends over a half of the plate or 
over the entire plate, the problem is in- 
vestigated in detail and numerical results 
are presented in the form of tables and 
graphs. The results obtained are of 
practical significance in connection with 
the design of cylindrical tanks and 
boilers. 


Forced Oscillations of a Semi-infinite 
Rod Exhibiting Weak Bilinear Hysteresis 
. -60—WA-28...By T. K. Caughey, Cal- 
ifornia Institute of Technology, Pasadena, 
Calif. 1960 ASME Winter Annual Meeting 
paper (in type; to be published in Trans. 
ASME—J. Appl. Mech.; availabie to Oct. 
1, 1961). 


Many physical systems exhibit hys- 
teresis and frequently the hysteresis is 


nonlinear in nature. One simple ex- 
ample of nonlinear hysteresis is bilinear 
hysteresis. The author has analyzed the 
response of a_ single-degree-of-freedom 
bilinear hysteresic system to sinusoidal 
excitation and to random excitation. 
In this paper an analysis is made of the 
forced sinusoidal oscillations of a semi- 
infinite rod exhibiting weak bilinear 
hysteresis. 


A Modification of the Coulomb-Mohr 
Theory of Fracture. .60—WA-31...By 
Burton Paul, Assoc. Mem. ASME, Technik, 
Inc., Garden City, N. Y. 1960 ASME Winter 
Annual Meeting paper (in type; to be 
published in Trans. ASME—J. Appl. 
Mech.; available to Oct. 1, 1961). 


The inability of the Coulomb-Mohr 
theory of fracture to explain the main 
features of compression, tension, and 


torsion tests on brittle materials is 
pointed out. It is shown that the intro- 
duction of suitably chosen tension cut- 
offs and ‘‘friction angles’’ removes this 
deficiency and leads to a satisfactory ex- 
planation of the fracture stresses and 
angles of fracture for these three simple 
tests. The modified Coulomb-Mohr 
theory is a three-parameter theory, but 
all three parameters in principle can be 
obtained from only two simple tests. 
It is shown that in the case of cast iron 
there is an extremely close relationship 
between cohesive resistance in shear and 
nominal ultimate strength in single or 
double shear. The modified theory fits 
the data of Coffin, Cornet, and Grassi on 
biaxial fracture of cast iron very well. 
The three-dimensional fracture surface is 
described and used to explain some ap- 
parently anomalous points in the experi- 
mental data. Finally, a hypothesis is 
advanced which explains the appearance 
of concavities in the yield locus for cer- 
tain classes of materials. 


The Effect of Shear and Normal Forces on 
the Fully Plastic Moment of a Beam of 
Rectangular Cross Section. .60—WA- 
102... By B. G. Neal, University College 
of Swansea, Swansea, Wales, G. B. 1960 
ASME Winter Annual Meeting paper 
(in type; to be published in Trans. ASME 
—J. Appl. Mech.; available to Oct. 1, 
1961). 

The plastic methods of structural 
analysis for framed structures depend es- 
sentially on the plastic hinge concept. 
A plastic hinge cannot undergo any rota- 
tion until the bending moment reaches a 
value termed the fully plastic moment, 
but can undergo an indefinite amount of 
rotation while the bending moment re- 
mains constant at the fully plastic value. 
In many applications of the plastic meth- 
ods, the fully plastic moment is treated as 
a constant for a member of a given cross 
section and material, but it is known that 
its value is affected by both axial force 
and shear force at the hinge section. 
In structural frames subjected to statical 
loading, the effect of shear force is usually 
small, and axial force only becomes im- 
portant in heavily loaded columns. 
However, under conditions of dynamical 
loading, the applied loads may be con- 
siderably greater than those which 
would cause failure by plastic collapse 
under statical loading, so that shear and 
axial forces may become large enough to 
have a substantial effect on the value of 
the fully plastic moment. 

Little attention has been paid to the 
reduction caused by normal and shear 
forces acting simultaneously. This prob- 
lem is discussed with reference to a 
cantilever beam of rectangular cross sec- 
tion subjected to both shear and normal 
forces at the free end. Upper and lower 
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bounds to the collapse load are deter- 
mined, and the results are presented in the 
form of interaction relations between the 
shear and normal forces and the bending 
moment at the clamped end of the canti- 
lever at collapse. 


Experiments on the Postbuckling Be- 
havior of Square Plates Loaded in Edge 
Compression .. 60—WA-103... By No- 
boru Yamaki, Institute of High Speed 
Mechanics, Tohoku University, Sendai, 
Japan. 1960 ASME Winter Annual Meeting 
paper (in type; to be published in Trans. 
ASME—J. Appl. Mech.; available to Oct. 
1, 1961). 


The failing strength of a rectangular 
plate under edge compression can exceed 
appreciably the buckling strength when 
the thickness is sufficiently small in com- 
parison with its other dimensions. Thus 
it is of practical importance to clarify 
the postbuckling behavior of the plate, 
and numerous researches, both theoretical 
and experimental, have been carried out. 
However, most of these studies seem to be 
confined to the case where the plate is 
simply supported along all the edges. 

In a previous paper, “‘Postbuckling Be- 
havior of Rectangular Plates With Small 
Initial Curvature Loaded in Edge Com- 
pression,’’ the author investigated this 
problem theoretically under eight differ- 
ent boundary conditions and presented 
numerical solutions for square plates 
with and without initial deflection, as- 
suming the Poisson's ratio as '/3. To 
compare with these results, experiments 
were conducted under four different 
boundary conditions by using aluminum 
square plates with a side length of 11.8 in. 
and thickness of 0.04 and 0.05 in. The 
test equipment and procedures are de- 
scribed briefly and then experimental re- 
sults are presented and discussed in some 
detail. 

It is found that the experimental re- 
sults are in reasonable agreement with 
those theoretically predicted. 


Adiabatic Analysis of Elastic, Centrally 
Pivoted, Sector, Thrust-Bearing Pads.. 
60—WA-104...By B. Sternlicht, Assoc. 
Mem. ASME, G. K. Carter, and E. B. 
Arwas, Assoc. Mem. ASME, General 
Electric Company, Schenectady, N. Y. 
1960 ASME Winter Annual Meeting paper 
(in type; to be published in Trans. ASME 
—J. Appl. Mech.; available to Oct. 1, 
1961). 


Pivoted-pad thrust bearings present a 
special problem in thrust-bearing analy- 
sis. This is due to the fact that the pads 
of such bearings are generally supported 
on a finite number of ‘‘point’’ or ‘“‘line™’ 


contacts. Thus, under heavy load, the 
pads deform due to the load and to the 
thermal gradients that are generated by 
the shear losses. Furthermore, the mag- 
nitudes of these deformations are often 
several times the minimum thickness of 


106 /MAY 1961 


the fluid film on which the bearing oper- 
ates. 

This paper emphasizes the importance 
of temperature in thrust-bearing analysis. 
The analysis presented consists of simul- 
taneous solution of the momentum, 
energy, and elasticity equations for 
centrally pivoted, sector-shaped, thrust- 
bearing pads. Elastic deformations due 
to the pressure distribution and thermal 
gradients are considered. Laminar and 
adiabatic conditions are assumed in the 
fluid film, and the lubricant is incom- 
pressible. 


Torque and Cavitation Characteristics of 
Butterfly Valves . . 60—WA-105... By Tur- 
gut Sarpkaya, University of Nebraska, 
Lincoln, Neb. 1960 ASME Winter Annual 
Meeting paper (in type; to be published 
in Trans. ASME—J. Appl. Mech.; availa- 
ble to Oct. 1, 1961). 


Valves are assemblies of one or more 
basic flow-restricting elements, and 
nearly all of these basic elements belong 
to one of the three main classes; namely, 
sliding, seating, and flow-dividing ele- 
ments. Butterfly valves, which belong 
to both the second and third classes, are 
installed in pipes or penstocks and are 
normally used for either closure valves or 
for flow-rate control or governing. 

The present study deals with hydro- 
dynamic torque and cavitation inception 
of idealized two-dimensional and axially 
symmetrical butterfly valves. Theoreti- 
cal results obtained for the two-dimen- 
sional case are compared with the ones 
obtained experimentally and by a re- 
laxation technique. Based on the re- 
sults of the two-dimensional case, an 
approximate solution is presented for the 
more general and practical case of three- 
dimensional butterfly valves. The re- 
sults are in good agreement with the 
actual flow tests. 

The detailed laboratory and theoretical 
investigations of butterfly valves de- 
scribed warranted the following conclu- 
sions: 


1 The bulk characteristics of flows 
through two-dimensional and axially 
symmetrical butterfly valves are es- 
sentially the same. 

2 The inception of cavitation can be 
predicted from comparative two-dimen- 
sional studies as a function of the geom- 
etry of the valve system and of the up- 
stream and downstream conditions. 

3 The torque to be provided for varies 
widely for various conditions but is 
nevertheless perfectly definite and sub- 
ject to calculations when the controlling 
factors are known. For a free-discharge 
valve the maximum value of the torque 
coeficient is about 0.03, and occurs at 
about 20 deg from the full-open position. 
As a result of the theoretical and experi- 


mental data presented herein the moments 
to be expected for a butterfly valve in any 
setting and under any head can be calcu- 
lated. 


On the Response of Linear Systems 
to Time-Dependent, Multidimensional 
Loadings . . 60—WA-106... By F. P. Beer, 
Mem. ASME, Lehigh University, Beth- 
lehem, Pa. 1960 ASME Winter Annual 
Meeting paper (in type; to be published in 
Trans. ASME—J. Appl. Mech.; available 
to Oct. 1, 1961). 


The concept of frequency response, 
which has long been used by communica- 
tion engineers to predict the response of a 
linear system to a periodic, nonperiodic, 
or random input, is extended to the 
general case of a linear mechanical sys- 
tem subjected to a time-dependent, multi- 
dimensional loading. Various possible 
methods for determining the transfer 
function of a given system are examined. 
One method is given special attention; 
it is based on the cross correlation in 
space and time of the response of the 
given system to a _ multidimensional 
random load field with the response of 
another system to the same field. 


On the Buckling of Circular Cylindrical 
Shells Under Pure Bending . . 60—WA-33 
...By Paul Seide, Assoc. Mem. ASME, 
and V. |. Weingarten, Space Technology 
Laboratories, Inc., Los Angeles, Calif. 
1960 ASME Winter Annual Meeting paper 
(in type; to be published in Trans. ASME 
—J. Appl. Mech.; available to Oct. 1, 1961). 


For many years, the theoretical maxi- 
mum bending stress that will cause 
buckling of a circular cylindrical shell has 
been commonly accepted as being equal to 
1.3 times the compressive buckling stress. 
This factor having been accepted, experi- 
mental data for bending instability have 
been consciously analyzed in many cases 
to indicate an empirical reduction coefhi- 
cient 1.3 times that for compression. 

The stability of circular cylindrical 
shells under pure bending is investigated 
by means of Batdorf's modified Donnell’s 
equation and the Galerkin method. The 
results of this investigation have shown 
that, contrary to the commonly accepted 
value, the maximum critical bending 
stress is for all practical purposes equal 
to the critical compressive stress. 


The Bending, Buckling, and Flexural 
Vibration of Simply Supported Polygonal 
Plates by Point-Matching . . 60—WA-38 .. . 
By H. D. Conway, Cornell University, 
Ithaca, N. Y. 1960 ASME Winter Annual 
Meeting paper (in type; to be published in 
Trans. ASME—J. Appl. Mech.; available 
to Oct. 1, 1961). 


The bending by uniform lateral load- 
ing, buckling by two-dimensional hydro- 
static pressure, and the flexural vibrations 
of simply supported polygonal plates are 
investigated. The method of meeting 
the boundary conditions at discrete 
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points, together with the Marcus mem- 
brane analog is found to be very ad- 
vantageous. Numerical examples in- 
clude the calculation of the deflections 
and moments, and buckling loads of 
triangular square, and hexagonal plates. 
A special technique is then given, where- 
by the boundary conditions are exactly 
satisfied along one edge, and an example 
of the buckling of an isosceles, right- 
angled triangle plate is analyzed. Fi- 
nally, the frequency equation for the 
flexural vibrations of simply supported 
polygonal plates is shown to be the same 
as that for buckling under hydrostatic 
pressure, and numerical results can be 
written by analogy. All numerical re- 
sults agree well with the exact solutions, 
where the latter are known. 


On Transient Thermal Stresses in Visco- 
elastic Materials With Temperature- 
Dependent Properties ..60—WA-124... 
By Rokuro Muki and Eli Sternberg, Assoc. 
Mem. ASME, Brown University, Provi- 
dence, R. |. 1960 ASME Winter Annual 
Meeting paper (in type; to be published in 
Trans. ASME—J. Appl. Mech.; available 
to Oct. 1, 1961). 


This paper deals with the quasi-static 
analysis of transient thermal stresses in 
the linear theory of viscoelastic solids 
with temperature-dependent properties. 
The underlying constitutive law rests on 
the temperature-time equivalence hy- 
pothesis. 

Following an exposition of the theo- 
retical framework exact solutions to two 
specific problems are deduced: The 
first concerns the thermal stresses in a 
slab of infinite extent, generated by a 
temperature field that depends arbi- 
trarily on the thickness co-ordinate and 
time; the second application concerns 
the stresses produced in a sphere by an 
arbitrary time-dependent radially sym- 
metric temperature distribution. The 
numerical illustrations of the results ob- 
tained include a quantitative study based 
on actual test data for a polymethyl 
methacrylate. 


On the Burmester Points of a Plane.. 
60—WA-125...By Ferdinand Freuden- 
stein, Assoc. Mem. ASME, Columbia 
University, New York, N. Y.; and George 
N. Sandor, Mem. ASME, Time Inc., Spring- 
dale Laboratories Division, Springdale, 
Conn. 1960 ASME Winter Annual Meeting 
paper (in type; to be published in Trans. 
ASME—J. Appl. Mech.; available to Oct. 
1, 1961). 


The paper is divided into three parts 
concerned with the Burmester points 
associated with five distinct positions of 
a plane. In the first part, ‘““Theory,"’ an 
equation is derived for the location of the 
Burmester points; algebraic and geo- 
metric properties of these points are de- 
duced and special cases considered. An 
automatic digital-computer program is 
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described in the second part, ‘‘Computa- 
tion,’’ using a parametric form of the 
equation for the Burmester points. In 
the third part, ‘Application,’ the 
analytical form of Burmester theory is 
applied to the solution of a variety of 
problems in plane kinematic synthesis in 
one uniform manner. 

The methods presented are suited also 
for use with error-minimization tech- 
niques described elsewhere and thus repre- 
sent a step toward the unification of 
kinematic synthesis techniques. 


Transient Capillary Rise in Reduced and 
Zero-Gravity Fields ..60—WA-201... By 
Robert Siegel, Assoc. Mem. ASME, Lewis 
Research Center, NASA, Cleveland, Ohio. 
1960 ASME Winter Annual Meeting paper 
(in type; to be published in Trans. ASME 
—J. Appl. Mech.; available to Oct. 1, 
1961). 


When the end of a tube or piece of 
porous material is immersed in liquid 
that wets the surface, capillary action 
will cause the liquid to penetrate into 
the tube or material. An understanding 
of the dynamics of this penetration 
process arising from the surface-tension 
force is of importance, for example, in 
soil mechanics, the wetting of textiles, 
and in lubrication. 

The present interest in capillary motion 
arose in connection with liquid systems 
for use in space-flight applications. Ina 
satellite or space vehicle an environment 
may be encountered with a very low or 
zero-gravity field. In this instance the 
weight of the liquid becomes very small, 
and if the fluid has a free surface, the 
surface tension may have a significant 
effect in moving the liquid about. 

Experimental information is given on 
the transient ‘‘capillary’’ rise of water 
into vertical tubes subjected to reduced 
and zero-gravity fields. The tubes 
ranged in internal diameter from 0.075 to 
1.295 in. The response in a low-gravity 
environment is of interest in studying the 
behavior of liquid systems for space ve- 
hicles. An approximate analysis is 
presented to aid in the interpretation of 
the data and predict the transient rise. 
Photographs illustrate the behavior in 
short tubes where the water is able to 
move beyond the top of the tube during 
part of the zero-gravity period. 


Transient Thermal Stresses in a a 
Cylinder . . 60—WA-123... By Cc. K. 
Youngdahi and Eli Sternberg, Assoc. 
Mem. ASME, Brown University, Provi- 
dence, R. |. 1960 ASME Winter Annual 
Meeting paper (in type; to be published 
in Trans. ASME—J. Appl. Mech.; availa- 
ble to Oct. 1, 1961). 


The present investigation concerns the 
transient temperature distribution, as 


well as the accompanying time-dependent 
thermal stresses and deformations, which 


arise in a circular elastic shaft of infinite 
length if a finite band of its surface, be- 
tween two cross sections, is exposed to an 
instantancous uniform change in tempera- 
ture. The entire shaft is assumed to be 
at a constant initial temperature and— 
without loss in generality—is considered 
to be free from loading. While the re- 
quirement that the surface temperature 
be a step-function of time is physically un- 
realistic, the corresponding solution may, 
by means of the usual convolution 
integral, be adapted to an arbitrary time 
dependence of the temperature within the 
heated (or cooled) surface band. The 
solution given here is therefore relevant 
to the study of thermal stresses produced 
in a rotating shaft as a consequence of 
bearing friction. 

The foregoing problem is approached 
on the basis of classical linear thermo- 
elasticity theory. In particular, the 
material is supposed to be homogencous 
and isotropic with respect to both its 
thermal and mechanical response, and 
all physical properties are regarded to 
be independent of temperature. Further- 
more, the treatment is quasi-static in the 
conventional sense that inertia effects are 
neglected along with the influence of 
thermoelastic coupling. 

The solution obtained is exact within 
the underlying theoretical framework. 


On the Dynamic Behavior of a Frank- 
Read Source. .60—WA-204...By J. D. 
Campbell, Oxford University, Oxford, 
England; J. A. Simmons and J. E. Dorn, 
University of California, Berkeley, Calif. 
1960 ASME Winter Annual Meeting paper 
(in type; to be published in Trans. ASME 
—J. Appl. Mech.; available to Oct. 1, 
1961). 


The propagation of plastic waves in 
crystalline solids is determined by the 


behavior of dislocations. Following ap- 
plication of stress there will be a period 
of acceleration of dislocations since dis- 
locations possess a small effective mass. 
After a very short time interval disloca- 
tion interaction will be so great that the 
strain rate will level off and the mate- 
rial will work-harden. Finally, the solid 
will come to a quasi-static condition in 
which the plastic strain will be almost 
constant for a constant stress. 

The equation of motion for a curved 
dislocation moving at high velocities in a 
slip plane is solved for a dislocation half- 
mill. It is found that the angular veloc- 
ity of a dislocation half-mill about the 
spinning point is constant for constant 
stress. The solution is applied to a 
Frank-Read source to give the shape of 
the nucleating source and the time of 
activation. For Al, the time of nuclea- 
tion of a Frank-Read source is about 5 X 
10~'° sec when the stress on the source is 
10-%G. 
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investigation of Flat-Plate Hypersonic, 
Turbulent Boundary Layers With Heat 
Transfer ..60—WA-205...By Eva M. 
Winkler, U.S. Naval Ordnance Laboratory, 
Silver Spring, Md. 1960 ASME Winter 
Annual Meeting paper (in type; to be 
published in Trans. ASME—J. Appl. 
Mech.; available to Oct. 1, 1961). 
Naturally turbulent boundary layers 
on a cooled flat plate have been investi- 
gated at several distances from the lead- 
ing edge of the plate at a Mach number 
of 5.2 for three rates of steady-state heat 
transfer to the surface. Measurements of 
pitot and static pressures and of total and 
wall temperatures made it possible to 
compute velocity profiles, static-tempera- 
ture profiles, and boundary-layer parame- 
ters without resorting to assumptions. 
The data demonstrate that the Reyn- 
olds analogy between skin friction and 
heat transfer is valid for all conditions of 
the present experiments. With increas- 
ing rate of heat transfer to the surface, 
the skin-friction coefficient was found to 
decrease, a phenomenon opposite to that 
predicted by theories and empirical rela- 
tions. On the basis of the present data 
and other published results of compressi- 
ble and incompressible turbulent bound- 
ary-layer skin friction, a simple relation 
was devised that describes closely the 
variation of the skin-friction coefficient 
with Mach number, heat-transfer rate, 
and momentum-thickness Reynolds num- 
ker. 


The Elastic Plane With a Circular Insert, 
Loaded by a Radial Force . . 60—WA-202 
By J. Dundurs, Assoc. Mem. ASME, 
and M. Hetényi, Mem. ASME, North- 
western University, Evanston, Ill. 1960 
ASME Winter Annual Meeting paper 
(in type; to be published in Trans. ASME 
—J. Appl. Mech.; available to Oct. 1, 
1961). 


The problem treated is that of a plate 
of unlimited extent containing a circular 
insert and subjected to a concentrated 
radial force in the plane of the plate. 
The elastic properties of the insert are 
different from those of the plate, and a 
perfect bond is assumed between the two 
materials. The solution is exact within 
the classical theory of elasticity, and is in 
a closed form in terms of elementary 
functions. Explicit formulas are given 
for the components of stress in Cartesian 
co-ordinates, and also in polar co-ordi- 
nates at the circumference of the insert. 


The Laminar Boundary Layer on a Hot 
Cylinder Fixed in a Fluctuating Stream. . 
60—WA-203...By R. J. Gribben, Mas- 
sachusetts Institute of Technology, Cam- 
bridge, Mass. 1960 ASME Winter Annual 
Meeting paper (in type; to be published in 
Trans. ASME—-J. Appl. Mech.; available 
to Oct. 1, 1961). 


In this paper two-dimensional os- 
cillatory flow past a fixed body with a 
steady mean component of velocity is 
considered, and solutions of the bound- 
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ary-layer equations for low-speed, com- 
pressible flow are found by using Pohl- 
hausen’s approximate method of integra- 
tion. 

The general theory is developed start- 
ing from the boundary-layer equations 
for low-speed compressible flow. The 
Karman-Pohlhausen method inte- 
gration across the boundary layer is 
then employed to solve the equations 
with quartic profiles assumed for the 
velocity and temperature. 

The first example considered is the 
simple case of fluctuating flow over a 
flat plate for which some exact solutions 
are known. The method is then applied 
to a further relatively simple special case, 
which concerns the flow over a circular 
cylinder. 


An Exploratory Study of Three-Dimen- 
sional Photothermoelasticity . . 60—WA- 
49...By Herbert Tramposch, Mem. 
ASME, International Business Machines 
Corporation, Poughkeepsie, N. Y.; and 
George Gerard, Mem. ASME, New York 
University, New York, N. Y. 1960 ASME 
Winter Annual Meeting paper (in type; 
to be published in Trans. ASME—J. 
Appl. Mech.; available to Oct. 1, 1961). 


A sandwich technique which utilizes 
an embedded polariscope consisting of 
two sheets of polarizing material ce- 
mented within a plastic model was 
evaluated for application to three-di- 
mensional photothermoelasticity. The 
evaluation included strength tests of 
cemented joints, photoelastic tests of 
simple bending models and a sphere, all 
under mechanical loading. The tech- 
nique proved to be rather simple to apply 
particularly since the resulting fringe 
patterns are readily interpreted. The 
sandwich technique was then applied to 
thermal-stress problems associated with a 
thick-walled cylinder under steady-state 
conditions. The experimental results 
correlated well with theory. The re- 
sults obtained indicate the general ap- 
plicability of the sandwich technique to 
three-dimensional stress problems gener- 
ated by mechanical or thermal loads. 
It is noted that since other experimental 
thermal-stress-analysis methods are not 
highly developed, photothermoelasticity 
would seem to be particularly useful. 


On the Bending of Circular Cylindrical 
Shells by Equal and Equally Spaced 
End Radial Shear Forces and Moments 
-60—WA-32...By Paul Seide, Assoc. 
Mem. ASME, Space Technology Lab- 
oratories, Inc., Los Angeles, Calif. 1960 
ASME Winter Annual Meeting paper (in 
type; to be published in Trans. ASME— 
J. Appl. Mech.; available to Oct. 1, 1961). 


In the analysis of discontinuity stresses 
in structures connected by rivets or bolts, 
it is customary to consider the bolt loads 
to be smeared out uniformly and to as- 
sume a state of axisymmetric deformation 
in the cylinder. The present investiga- 


tion seeks to determine the limits of 
validity of these assumptions. 

A cylinder subjected to equal and 
equally spaced end radial shear forces 
and moments is analyzed by means of 
Donnell's equations to determine the 
variation of radial deflections and slopes 
with number of loads and the radius- 
thickness ratio of the cylinder. Compu- 
tations are carried out for concentrated 
loads and for loads that are distributed 
uniformly over equal and equally spaced 
angular segments. It is found that large 


nonuniform bending effects are obtained 
for combinations of number of loads, 
radius-thickness ratio, and circumferen- 
tial load coverage for which uniform 
loading approximation might ordinarily 
be expected to be adequate. 


An Improved integral Procedure for 
Compressible Laminar Boundary-Layer 
Analysis. .60—WA-24...By. Kwang-Tzu 
Yang, Assoc. Mem. ASME, University of 
Notre Dame, Notre Dame, Ind. 1960 
ASME Winter Annual Meeting paper (in 
type; to be published in Trans. ASME— 
J. Appl. Mech.; available to Oct. 1, 1961). 

Like any other approximate method 
solution, the integral procedure in 
laminar boundary-layer analysis has 
definite shortcomings, among which 
the arbitrary choice of profiles and 
boundary conditions to be satisfied is a 
good example. More important is the 
fact that oftentimes using more complex 
profiles, such as polynomials of higher 
order, exponential functions, or profiles 
derived from exact similarity solutions, 
does not necessarily yield more accurate 
quantitative results. 

Therefore in a new analysis, the 
accuracy of using the integral procedure 
is never too well assured. Furthermore, 
this accuracy becomes extremely critical 
in the important boundary-layer stability 
analysis, where the first and second 
derivatives of the velocity profile and 
first derivatives of the temperature 
profile must be known accurately. Thus 
any fundamental improvement of the 
integral procedure capable of eliminating 
most of these uncertainties and providing 
a much higher degree of accuracy, as 
well as retaining essentially the same 
simplicity of the original procedure, 
would be highly desirable. 

The purpose of this paper is to present 
such a fundamental improvement so that 
from now on the integral procedure may 
be used with greater confidence. It is 
shown, by means of comparisons with 
exact solutions covering cases of fa- 
vorable, zero, and adverse pressure 
gradients, and of constant and variable 
surface temperatures with and without 
heat transfer, that in all cases very 
significant improvements in the cal- 
culated results are attained. 
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Process Industries 


Characterization of Industrial Fabric 
Filters. .60—WA-336...By George William 
Walsh and Paul W. Spaite, U. S. Depart- 
ment of Health, Education, and Welfare, 
Cincinnati, Ohio. 1960 ASME Winter An- 
nual Meeting paper (multilithographed; 
available to Oct. 1, 1961). 


Filtration within multicompartmented 
fabric filter installations tends to proceed 
according to definite patterns, knowledge 
of which will contribute greatly to the 
solution of many problems which can 
arise in actual operation. 

The systematic nonuniformities in- 
herent in multicompartmented baghouse 


Boiler Feedwater Studies 


The Relation Between Boiler Cleanliness 
and Feedwater . . 60—WA-216... By Frank 
Urbane Neat, Baltimore Gas and Electric 
Company, Baltimore, Md. 1960 ASME 
Winter Annual Meeting paper (multilitho- 
graphed; available to Oct. 1, 1961). 

Not too many years ago, it was found 
that the pH of a boiler water need not be 
above 10.0 to achieve long hours of 
trouble-free operation. At that time, a 
few operators were delivering water to 
the boilers as nearly free of salts as was 
possible. These boilers operating with 
boiler water pH of from 8.0 to 9.5 were 
as subject to trouble as those operating 
at the optimum range of 10.3 to 11.5. 
Later, with the advent of boiler pressures 
above 1800 psi, and once-through boilers 
of the Benson type, operation with zero 


operation are explored and the over-all 
performance is analyzed in relation to the 
characteristics of the individual compart- 
ments. Those properties of an operating 
unit that can be used to characterize the 
installation are delineated, and a method- 
ology developed whereby critical values 
of these properties may be calculated 
from easily obtainable ficld measure- 
ments. The critical characteristics are 
defined as the residual filter drag of a 
compartment, the terminal filter drag of 
a compartment, and the residual velocity. 
The utility of these to determine the 
cause of difficulties is discussed. 


solids in the boiler water became a 
necessity. 

To keep the boiler water free of solids, 
it is necessary that corrosion of the feed- 
water system be reduced to as near zero 
as is possible. A practical limit has 
been reached, by the application of am- 
monia and/or amines to the feedwater, in 
view of the fact that dissolved oxygen is 
present in all systems and the systems 
contain both copper alloys and steel. 
Further reduction in feedwater-system 
corrosion can be gained only by eliminat- 
ing one or the other. As the boiler 
must be made of steel, copper becomes the 
victim of progress and it must be elimi- 
nated from the steam-water cycles, es- 
pecially where the boiler pressure is 
above 1800 psi. 
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The April, 1961, issue of the Transactions of 
the ASME—Journal of Engineering for Power 
(available at $1.50 per copy to ASME Mem- 
bers, $3 to nonmembers) contains the fol- 
lowing: 

The Critical and Two-Phase Flow of Steam, 
by W.G. Stelez. (59—A:223) 

Cooling Tower Fan Performance, by G. W. 
Forman and N. W. Kelly. (59—SA-17) 

A Fluid Mechanics Approach to the Labyrinth 
Seal Leakage Problem, by Geza Vermes. (60 
—GTP-12) 

Natural Convection Flow in Liquid-Metal 
Mobile-Fuel Nuclear Reactors, by F. G. 
Hammitt and E. M. Brower. 

Selection of the Hydraulic Turbines for the 
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Mammoth Pool Project, by H. E. Burrier. 
(60—Hyd-10) 

Reduction of Turbine Runner Vibration and 
Noise, by F.C. Taylor. (60—Hyd-4) 
Experiences With Hydraulic Prime Mover 
Controls, by F. R. Schleif and L. M. John- 
stone. (60—Hyd-9) 

Effects of Brine Dispersion in the Allen Salt- 
Velocity Method, by L. J. Hooper. (60— 
WA-138) 

Supercharging of a Large Two-Cycle, Loop- 
Scavenged Diesel Engine, by A. J. Henriksen. 
(60—WA-185) 

Diagram for Conversion of Diesel Engine Out- 
puts for Changed Atmospheric Conditions, by 
Soren Hansen. (60—WA-162) 
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Condensing Water—How Does It Affect the River? 


Comment by J. F. Brittain’ 

Tumis author's paper* has brought to 
the front a subject that is becoming more 
critical every day. Since river sites for 
steam plants are becoming more difficult 
to obtain, not only because of the fact 
that many of the best of them already 
have been developed, but also due to the 
fact that growing demands for power are 
necessitating ever increasing size of plants 
with heat rejections to the circulating 
water of magnitudes almost undreamed 
ofa few yearsago. Ittakesa really large 
river to dissipate comfortably 5000 X 
10° Btu per hour from a plant on the 
order of 1000 megawatts, and yet this 
must be done wherever possible if we 
are to use our streams to full advantage 
while meeting demands for more and 
more power. 

How can we best use our streams for 
the common good? Too little data have 
been taken at or near existing plants to 
reach any conclusive results as to the 
over-all or specific effects upon the other 
uses of the rivers. We know that the 
use of a small portion of the total flow of 
a stream at any given time results in 
apparently negligible effects because the 
heat is either taken care of by dilution as 
suggested or by transfer to the atmos- 
phere but, as the plant is expanded and 
the effects become noticeable, where is 
the optimum point of use from the over- 
all point of view? 

Our organization and clients have been 
conscious of the pollution problem, not 
only due to heat from steam stations, but 
also from the effects that low intakes, 
taking water from the deep strata of 
reservoirs at hydroplants, may have upon 
oxygen content of water discharged 
from the hydrounits. Studies were 
made on the Roanoke River and, in order 
to avoid discharging water at the 

1 Hydraulic engineer, Stone & Webster Engi- 
necring Corporation, Boston, Mass. 

2Melvin D. Engle, ‘‘Condensing Water— 
How Does It Affect the River,”’ 
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Roanoke Rapids plant that had come 
through the reservoir as a density cur- 
rent low in dissolved oxygen, submerged 
weirs were installed at the intakes to 
skim the aerated surface water into the 
turbines. It is to be hoped that the 
governmental agencies involved in these 
studies will soon make them public. 

In another instance, where a large 
headwater reservoir releases cool water 
of good quality all summer, it has been 
possible to design a steam-station cooling 
system with an intake close to the bottom 
of a downstream reservoir so that, by 
taking full advantage of the density 
current flow, it is expected that the 
maximum temperature of the heated 
water from the condensers will be tolera- 
ble to game fish downstream. 

We know that public agencies have 
been aware of the problem and have a de- 
sire to benefit the whole public. It is not 
only desirable but urgent that these 
agencies release data and findings for the 
benefit of the public and the engineering 
profession. 

The Martins Creek investigation is an 
excellent example of what can be done in 
analyzing the effects of thermal pollution. 
Similar studies on other rivers, as well as 
on natural lakes and ponds used for the 
dissipation of heat, should be publicized. 
A serious effort should be made to collect 
and analyze data relating to forced cool- 
ing and thermal pollution in order to im- 
prove the basis for predicting the effects 
of thermal loads. 

Comment by Lewis W. Cadwallader’ 

This paper is a timely and important 
contribution to a problem which is of 
growing concern to the utility industry. 

The large increases in population, the 
tremendous industrial expansion, the 
rapidly increasing use of water by agri- 
culture, and the rising per capita con- 
sumption of water have developed a wide- 
spread awareness of the importance of 

3 Vice-president and mechanical engineer, 
Potomac Electric Power Company, Washing- 
ton, D.C. Mem. ASME. 


our water resources to our national 
economy. 

This awareness has resulted in the 
development of resistance in many areas 
to the location of additional industrial 
facilities on its water resources due to fear 
of water-pollution problems. Many 
states have adopted water-pollution-con- 
trol laws for the purpose of protecting 
the water of the state from industrial and 
other pollution. These laws are usually 
administered by boards or commissions 
appointed by the state and normally re- 
quire an industry or other creator of 
waste to obtain a permit prior to dis- 
charging waste into any river or stream 
within the boundaries of the state. Some 
states have placed a limitation on the 
maximum temperature of the water 
which can be discharged into its rivers 
and streams and other states are con- 
sidering the enactment of similar legisla- 
tion. For instance, one Eastern state 
specifies that the temperature in the 
stream must not exceed 100 F within 50 
feet from the waste outlet. Obviously, 
with many streams reaching a natural 
summertime water temperature of 85 F 
or above, this is a most difficult regula- 
tion for utilities to meet without occa- 
sional violation for short periods of time. 
However, such temperature restrictions 
are largely empirical as there is not suffi- 
cient scientific information available at 
the present time to definitely indicate 
what temperature restrictions should be 
imposed. Furthermore, it is entirely 
probable that no single temperature re- 
striction could be properly applied in all 
cases due to the widely varying nature 
of rivers, streams, and lakes. 

As a matter of practical application, 
rivers and streams are most susceptible 
to thermal or heat pollution during the 
summertime. In the winter, when water 
temperatures are relatively low, it is 
entirely possible and even probable that 
addition of heat has a beneficial effect 
on rivers and streams. However, in the 
summertime, low river flow occurring 
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simultaneously with high natural water 
temperatures aggravate all types of 
water pollution. Hence it is during the 
summer months that the pollution prob- 
lem is most critical and it is during 
these periods that power plants are most 
likely to aggravate river conditions. 

Because of this situation, it appears 
important that power-plant design en- 
gineers study the design of new condens- 
ing equipment with particular attention 
to temperature rise of the water passing 
through the condenser. Where availa- 
bility of water is no problem, single pass 
condensers can often be used to advantage. 
When cooling water supply is limited, 
careful study will indicate the most 
desirable compromise between tempera- 
ture rise and water flow through the 
condenser. 

In 1960 the Edison Electric Institute 
submitted to the Senate Select Committee 
of the U. S. Congress a carefully prepared 
report on the future of the clectric-power 
industry in relation to water resources. 
EEI’s report indicates that the investor- 
owned utilities circulated through their 
steam-plant condensers, in 1959, approxi- 
mately 23,500 billion gallons of river, 
lake, and sea water and predicts that this 
requirement will become 86,000 billion 
gallons annually in 1980—an increase 
of almost 300 per cent. EEI predicts 


that, in the same period of time, the 


total water circulated through cooling 
towers will increase from 2750 billion 
gallons in 1959 to 15,500 billion gallons in 
1980—an increase of almost 500 per cent. 
This reflects an increased use of cooling 
towers for power generation. Also 
of interest is EEI's estimate indicat- 
ing that the use of artificial cooling 
reservoirs and ponds will increase by 
about 800 per cent by 1980. This all 
adds up to a tremendous amount of heat 
which must be dissipated in the produc- 
tion of electricity and it is the dissipation 
of this heat which is becoming a major 
concern of state water-pollution-control 
boards, fish and wildlife associations, 
U. S. Public Health Service, and the 
United States Congress. 

Rivers and streams are generally ca- 
pable of dissipating tremendous quantities 
of heat in relatively short distances. 
However, the effect of the higher tem- 
perature discharge water from plant con- 
densers must be evaluated by experts for 
each plant location and for each river or 
stream as there are many variables to be 
considered. This appraisal of a plant's 
effect is far from an exact science and 
this writer would urge the utilities to 
make use of the best talent available in 
determining new plant locations. Tem- 
perature elevation of the waters of this 
country is becoming an important con- 
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sideration in the granting of water-use 
permits to electric utilities and to in- 
dustry. 


Comment by T. S. Fetter, Jr.‘ 

As the author of this paper? has so 
aptly expressed it, “‘Little substantiated 
information is to be found"’ in this area 
“‘and that which is available is in- 


sufficient to permit reliable conclusions."’- 


He and his company are to be congratu- 
lated for taking a major step forward to 
provide reliable field data regarding the 
effects of thermal discharges. 

The data that have been collected 
relative to the aquatic plant and animal 
life, chemistry of the river, and sport 
fishing gives a true indication of the effect 
of the condensing water for this location. 
However, as the author states, “‘Local 
conditions govern the aquatic effects 
resulting from the discharge of the con- 
densing water from a power plant to a 
river. Until more complete information 
is obtained, each case should receive 
individual study and treatment.” 

A few states have promulgated regula- 
tions to control heated discharges and 
several others are considering regulations. 
As would be expected, these regula- 
tions differ greatly as the water resources 
and river conditions vary from locality to 
locality and from state to state and as the 
agency or department of the government 
assuming control varies from state to 
state. This study by Pennsylvania 
Power and Light Company at Martins 
Creek and other similar but small scale 
studies all point up the fact that con- 
siderable, long-term research on the 
effects of heated discharges on the aquatic 
life and other aspects of a river is needed 
before workable regulations can be 
drawn up. 

As needs grow, all uses of the streams 
including water supply, sewage disposal, 
recreation, and industry become increas- 
ingly dependent on the rivers. It is, 
therefore, important that these groups, 
together with the regulatory bodies, 
undertake research which will provide 
answers for our future use of this resource. 
Only in this way can we arrive at 
reasonable regulation. 


Comment by Richard D. Hoak® 


Some rather alarming statements have 
been made about the present and future 
results of discharging heated water to 
natural streams. It has been predicted 
that the growth of industry, especially 
of thermoelectric power generation, will 


4 Assistant to the President, Philadelphia 
Electric Company, Philadelphia, Pa. Mem. 
ASME. 

5 Senior Fellow, Water Resources, Mellon 
Institute, Pittsburgh, Pa. 


raise the temperature of many streams 
to levels that will destroy aquatic life. 
As the author of this paper* has pointed 
out, however, there is little reliable in- 
formation upon which to base sound con- 
clusions. Data on temperatures lethal 
to fish have been obtained for the most 
part from laboratory studies, but these 
findings do not necessarily bear any 
close relationship to conditions in natural 
streams. The investigation on the Dela- 
ware River is therefore an important 
contribution to our understanding of the 
actual effects of heated water. 

Various reasons have been cited for 
controlling steam temperatures by reg- 
ulating the discharge of hot water, but 
the dominant concern is. preservation 
of fish life. Heat can affect fish in several 
ways. Fish are killed by temperatures 
above some maximum, depending upon 
the species. While fish can survive tem- 
peratures up to their lethal maximum, it 
is claimed that they will not propagate 
above some lower temperature; for warm- 
water fish this is reported to be about 80 
F. The toxicity of various substances in 
streams may increase with a rise in tem- 
perature; exact information on this 
phenomenon is rather meager. But the 
most important effect of heat is claimed 
to be its relationship to the concen- 
tration of dissolved oxygen in streams. 

Dissolved oxygen is vital to fish, but 
it is also essential to micro-organisms in 
their acrobic assimilation of organic 
matter. The number of micro-organisms 
in a stream is proportional to the supply 
of food, i.e., dissolved and suspended 
organic material. These organisms, 
eaten by fish, need oxygen to live. Thus 
there is competition for the available 
oxygen between the fish and their food 
supply. But the concentration of oxygen 
is not as critical for bacteria as for fish, 
and, as organic pollution increases, the 
dissolved oxygen may become insufficient 
for fish to survive. 

Oxygen is dissolved in water from the 
surrounding air and as a result of the 
photosynthetic activity of aquatic plants. 
Photosynthesis is usually the more im- 
portant source of dissolved oxygen, par- 
ticularly in deep and sluggish streams. 
But photosynthesis ceases at night, 
whereas the demand for oxygen by the 
stream biota continues unabated. It 
might therefore be expected that the 
concentration of dissolved oxygen would 
fall at night below the level at which fish 
can live. Unfortunately, information 
about dissolved oxygen concentrations 
after dark is somewhat limited because 
it requires an extra effort to get the data. 

Samples from four large and three small 
streams in western Pennsylvania were 
analyzed in the field for dissolved oxygen 
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on a 24-hour basis by Mellon Institute 
personnel during the summer of 1960. 
Concentrations ranged from 6.90 to 11.85 
ppm, or 67 or 130 per cent of saturation. 
The lowest values, which occurred at 
night, were well above the 5 ppm aquatic 
biologists claim is essential for a healthy 
fish population. The streams studied 
were supposed to carry moderate to heavy 
loads of pollution, and it was anticipated 
that oxygen levels would fall to rather 
low values at night. The concentration 
of dissolved oxygen was related directly 
to the chlorophyll (the photosynthetic 
agent) content of the water and inversely 
to the bacterial population. Signifi- 
cantly, dissolved oxygen concentrations 
were greatest during the daytime when 
temperatures were highest. These find- 
ings apply only to particular stretches 
of specific streams, but they indicate that 
concern over low concentration of oxygen 
at night may be somewhat exaggerated. 

The Aquatic Life Advisory Committee 
of the Ohio River Valley Water Sanita- 
tion Commission has concluded that 93 
F is the maximum allowable summer 
temperature for streams that are expected 
to support a harvestable fish crop. The 
fact that F. J. Trembley, director, Lehigh 
University Institute of Research, has 
found a vigorous fish population in the 
lagoon where temperatures are much 
higher than 93 F points to the need for 
more field study on other streams. The 
temperature at which fish thrive in 
nature should be the criterion, rather than 
a value determined under laboratory con- 
ditions that may not simulate a natural 
environment. 

The temperature of surface water in 
southern states is normally higher than in 
the North. This suggests that the effects 
of heated water on fish would be more 
severe because stream temperatures could 
be more easily raised above the lethal 
limit. Officials of health departments in 
southeastern and southern states have 
stated that heated waste water is not 
now a problem, although it is conceded 
that it might become one in the future. 
Fishermen like heated discharges in the 
South, just as they do along the Dela- 
ware, because it greatly improves winter- 
time fishing. This has been true for many 
years, and there is no indication of any 
diminution in the fish population. Per- 
haps this results from acclimatization, 
but fish also can become acclimated to 
warm water in the North. 

It is to be hoped that surveys like 
Dr. Trembley’s will be made on other 
streams. If other aquatic environments 
yielded similar results, there would be a 
basis for extrapolating the information to 
relatively analogous situations on streams 
that had not been studied in such detail. 
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Water uses are so diverse that stream- 
control regulations cannot be uniform 
except in principle. Field studies are 
essential for establishing pollution con- 
trols that will serve the best public in- 
terest. 


Comment by F. F. Mautz’® 

One of the most important considera- 
tions in selecting a thermal power-plant 
site is an adequate condensing water 
supply. Good sites from the stand- 
point of condensing water and over-all 
power-plant economics are relatively 
scarce, since they are limited to natural 
waterways, lakes, bays, or ocean areas. 
Although condensing water is returned 
to its original source in essentially the 
same quantity and chemical composi- 
tion, it has heat transferred to it in the 
condenser. It is this added heat and re- 
sulting temperature increase in the dis- 
charged condenser cooling water which 
is being considered as possibly detri- 
mental to aquatic life in some areas 
today. 

Some years ago the Pacific Gas and 
Electric Company was confronted with 
the effect of the condenser cooling water 
at its Contra Costa Power Plant on fish 
life in the area. Since the plant was 
located in a spawning area, one of the 
questions which had to be answered was 
the effect on smaller fish in passing 
through the condenser cooling system. 


Extensive experiments were conducted 
at the plant site to determine the maxi- 
mum temperature rise that smaller bass 
and salmon were able to withstand, and 
total temperature tolerance for both 


species. The experiments were con- 
ducted on the two species of fish in a test 
flume and later in an actual operating 
condenser. Striped bass and salmon, 
subjected to sudden water temperature 
rise, were found able to withstand a 
higher differential range than was origi- 
nally believed. Yearling bass with- 
stood a temperature rise of 16 F and a 
maximum temperature tolerance of about 
90 F with a survival of approximately 
90 per cent. Yearling salmon survived a 
temperature rise of 25 F without loss of 
life and their maximum temperature 
tolerance was about 83 F. Test flume 
experiments on bass of 3 in. to 6 in. in 
length indicate that they had a greater 
ability to withstand temperature rise 
than the smaller fish, probably because 
they are less subject to shock. The 
results of these experiments indicated that 
small striped bass and king salmon could 
pass through the plant with a high 
survival rate. The findings of this fish 


® Supervising engineer, Pacific Gas and 
Electric Company, San Francisco, Calif. 
Mem. ASME. 


preservation study were reported in the 
State of California Department of Fish 
and Game Fish Bulletin No. 92 entitled 
“Studies on Fish Preservation at the 
Contra Costa Steam Plant of the Pacific 
Gas and Electric Company.” 

Aside from the results of the test de- 
scribed, it has been of interest to note 
that at all of our thermal power stations 
fishermen seek out the outfall area in 
which to do their fishing. Results also 
indicate that fishing is generally better 
in these warmer waters than elsewhere in 
the area. To date there have been no 
incidents of fish kills due to temperature 
of circulating water systems. 

The author of this paper? describes tem- 
perature effects on the river from the dis- 
charge of the Martins Creek Electric 
Station and notes that the discharged 
warm water from the station lies on the 
surface of the river and does not affect 
the river water more than 2 ft 6 in. below 
the surface. Experiments at thermal 
stations on our own system have yielded 
similar findings. In fact, it appears that 
the warm discharged water moves as a 
shallow body or stream within the larger 
body of water and has reasonably well- 
defined limits—with temperature rapidly 
decreasing to that of the main body of 
water into which it is discharged. This 
is most clearly demonstrated by the use of 
water dyes placed in the discharge, which 
then give a visual picture of the dis- 
charge flow. The boundaries of the 
discharged warmer water flow are clearly 
defined and the mode and rate of dissipa- 
tion into the surrounding body can 
readily be observed. 

From observations and tests of operat- 
ing systems it is difficult to see how dis- 
charging of warmer water into a river, 
bay, or ocean can adversely affect marine 
life. On the contrary, it appears that 
some actual benefits accrue from the dis- 
charge of warm waters, particularly. in 
the improved fishing in the vicinity of 
the outfall. The over-all temperature 
effects on the body of water into which 
the discharge is made are limited since 
the temperature of the discharged water 
is rapidly decreased to that of the body 
into which it is discharged. 

Experience leads one to concur with the 
author that insufficient substantiated in- 
formation has been collected to date on 
the effects on marine life of discharge of 
condensing water into rivers, bays, lakes, 
or the ocean. Until more complete in- 
formation is available each questionable 
area should be analyzed and studied in- 
dividually, taking into account all the 
influencing factors such asrelative quanti- 
ties of discharged and receiving waters, 
temperatures, stream flow or tidal, pat- 
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terns, type of marine life affected, and 
their known temperature tolerances. 


Comment by Sheppard T. Powell’ 

The author has presented an interesting 
paper? on a subject of growing impor- 
tance to the power industry as well as 
others. There has been a recent flurry of 
activity among water-pollution control 
agencies to adopt control standards for 
the discharge of heated wastes to our 
rivers and lakes. Development of re- 
sponsible and equitable control measures 
will require realistic and comprehensive 
investigations such as the one the author 
reported. 

The increased concern of water-pollu- 
tion control agencies and industry re- 
garding heated discharges to our water- 
courses is not without justification. Al- 
ready there are local areas where inten- 
sified industrial activity has resulted in 
significant increases over natural water 
temperatures during drouth conditions. 
Future propsects for industrial develop- 
ment, especially in the power industry, 
indicate that the specific areas of concern 
and the over-all magnitude of the prob- 
lem will steadily increase. 

There is no question that regulations 
controlling the discharge of spent cooling 
waters will be adopted to protect the 
beneficial uses of the rivers and lakes in 
this country. This is as it should be. 
We must, however, be concerned that the 
regulations set forth are reasonable and 
equitable with proper regard for the 
potential impact on the industrial econ- 
omy. Unrealistic controls which pre- 
vent reasonable industrial use of our 
water resources would have staggering 
economic effects on those industries de- 
pendent upon abundant cooling-water 
supplies. By the same token, degrada- 
tion of our water resources to the extent 
that other beneficial users are impaired 
must be prevented. Recognizing that 
there often will be divergent philosophies 
regarding the equitable apportionment of 
scarce water resources to the beneficial 
users, we must rely on mature and ob- 
jective judgment to resolve the conflicts 
and guide establishment of reasonable 
use. As phrased by the late Mr. Justice 
Holmes: 


“A river is more than an amenity, it is 
a treasure. It offers a necessity of life 
that must be rationed among those who 
have power over it.” 


Unfortunately, we lack much knowl- 
edge which is essential to the evolution 
of sound control measures. The author 
points out the serious deficiencies in 
our experience and understanding of 
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the effects of temperature on aquatic life. 
We barely have scratched the surface in 
studies of this kind. The current re- 
search work by Dr. Trembley is a big 
step forward, but it is by no means 
the complete solution to the problems 
facing us. Additional comprehensive 
research programs are needed to study 
such effects on aquatic life found in vary- 
ing environments throughout the coun- 
try. 

Data obtained for the Delaware River 
near Martins Creek, for example, are not 
necessarily applicable to other rivers or, 
for that matter, to other portions of the 
Delaware. Co-operative efforts on the 
part of the control agencies and industry 
can increase our understanding of the 
effects of temperature on aquatic life 
and guide the development of reasonable 
control measures. 

There is, in addition, a need for basic 
research on heat dissipation from lakes 
and streams. Some work on this subject 
has been done in the past, but adequate 
attention has not been given to such 
studies. If we are to be able to predict 
the effects of plant operations on aquatic 
life, we must first be able to predict the 
temperatures that will prevail in the river. 
This will require greater understanding 
of the factors which control the rate of 
heat exchange between a body of water 
and the atmosphere. In addition, we 
must devote our efforts toward develop- 
ment of proper methods to determine 
statistically the probability of occurrence 
of critical water-temperature periods. 

I might mention here that there is no 
uniform set of regulations for the contro] 
of heated discharges that will allow equi- 
table apportionment of our water re- 
sources for the country as a whole. As 
the author has pointed out, there are 
many variables to be considered in the 
evaluation of heated discharges on a 
watercourse. It is obvious that the 
physical characteristics of a stream or 
lake will vary greatly. In addition, there 
will be significant changes in aquatic life 
in streams throughout the country. We 
must recognize, however, that the 
doctrine of ‘‘reasonable use’’ requires full 
evaluation of the economic and social 
aspects of each power plant or industry. 
Dogmatic adherence to inflexible reg- 
ulations is an undesirable approach to this 
problem. 

Once we have established reliable 
criteria to judge temperature effects on 
aquatic life, and developed methods to 
predict temperature patterns in the re- 
ceiving waters, we will then have a suita- 
ble background to establish control 
measures. Industry as a whole, must 
make a reasonable effort to co-operate 
in the development of these bases for 


judgment. It is only after these factors 
are well understood that we can expect 
reasonable and equitable control meas- 
ures to be developed. Industry, and 
especially the steam-power industry, has 
a large stake in the evolution of regula- 
tions to control the discharge of heated 
wastes and should act accordingly. 

The work reported here by the author 
is a significant contribution toward a 
desirable solution of the problem. We 
now look forward to the continuation of 
these efforts and the initiation of similar 
investigations throughout the country. 
Such studies, however, must be ap- 
proached with due regard to the over-all 
benefit of widely divergent interests and 
not to unrealistic and narrow-minded 
view points. 


Comment by Eugene Gordon‘ 

The author has presented interesting 
and valuable data on thermal pollution, 
a subject on which little reliable informa- 
tion is available. The conclusions in 
this paper,? based on ideal conditions 
and reliable data, indicate that the 
discharge of power-plant condensing 
water into streams does not result in the 
serious detrimental effects that it has been 
alleged they produce. 

Thirteen temperature-depth profile sur- 
veys were made at four of our steam 
electric stations during the summer of 
1960. None of these surveys indicate 
serious temperature effects resulting from 
the discharge of the condensing water 
into the streams. 

Two of these power plants are located 
on the Allegheny River which is a 
navigable stream. The water impounded 
by the navigation dams forms deep, wide 
pools. Due to the large cross-sectional 
area of the stream the velocity of the 
water is usually low, and the condensing 
water discharged into these pools not 
only spreads across the surface of the 
stream, but actually will move upstream, 
even for flows much greater than normal 
low flows. However, within one and 
one half to two miles downstream from 
the power station, the average tempera- 
ture of the water is only about 2 F 
greater than the average temperature of 
the water above the power station before 
it is affected by the heated discharge. 

Although no fishing surveys have been 
made at our power stations, it has been 
observed that fishermen definitely prefer 
to fish in the area just downstream from 
the discharge of the condensing water. 

A joint committee of steel and electric 
power companies made four temperature 
surveys during the summer of 1960, of 
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about 100 miles of the Allegheny, 
Monongahela, and Ohio Rivers. Rich- 
ard D. Hoak of the Water Resources Re- 
search Project at Mellon Institute co- 
ordinated these surveys and will interpret 
the data collected. Dr. Hoak reports that 
the preliminary examination of the data 
collected indicates that there are no 
harmful effects from the discharge of the 
heated waters into the river and that 
there is no tendency for heat discharge to 
be cumulative in effect. He also re- 
ported that dissolved oxygen readings 
taken every three hours around the clock, 
at certain locations on each of the rivers 
(particularly where heavy organic load- 
ing is suspected), have shown no reading 
below 6.9 ppm. He stated that the 
studies indicated that the bacterial count 
and chlorophyll content were the major 
conditions affecting the dissolved oxygen 
and that temperature had little effect 
on it. 


Comment by Frank A. Ritchings’ 

This paper? presents interesting data 
and pertinent observations concerning 
the effect of discharged circulating water 
upon aquatic life in the Delaware River. 
It is extremely vital, with the industrial 
growth of our country, that research 
work and investigations be undertaken on 
this subject and the results published to 
counteract some of the published adverse 
articles. This is important since the 
public is becoming more aware of the 
problem of stream pollution and could 
become overzealous to the point that 
unnecessary regulation would be placed 
upon discharge of circulating water into 
public water bodies. Several states have 
laws and regulations pertaining to ther- 
mal discharges but, at present, they are all 
quite vague and subject to interpretation. 

The following comments apply to the 
discharge of circulating water from steam- 
electric generating stations where the 
quantity returned is equal to the supply, 
is uncontaminated by the passage through 
the plant and is only increased in tempera- 
ture. 

Discharge of circulating water into a 
lake or river and the subsequent tempera- 
ture rise of the receiving water body has 
been designated *‘thermal 
This designation is a poor one since, 
in most cases, discharge of warm 
water into an uncontaminated stream will 
not have any adverse effect upon the 
aquatic life. This is clearly demon- 

® Consulting mechanical engineer, Ebasco 
Services, Incorporated, New York, N. Y. 
Mem. ASME. 

10 Edward W. Moore, ‘‘Thermal Pollution 
of Streams,"’ Industrial and Engineering Chem- 
istry, vol. 50, April, 1958, pp. 87A-88A. 

Ronald H. Laberge, “Thermal Dis- 
charges,"" Water & Sewage Works, vol. 106, 
December, 1959, pp. 536-540. 
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strated both at Martins Creek Station on 
the Delaware River and at the many 
steam-electric station installations on 
cooling ponds and lakes which have rela- 
tively ‘‘clean’’ water. Fish appear to 
thrive exceptionally well in the vicinity 
of the circulating water discharge since, 
in innumerable locations in all sections of 
the country, fishing is found to be particu- 
larly good in the circulating water dis- 
charge canal. 

Generally when water is clean or un- 
polluted, the oxygen content approaches 
saturation except at the lower levels in 
deep reservoirs. Published data'? of 
experiments show that most fish can 
withstand water temperatures of 100 F or 
over if the oxygen content approaches or 
equals saturation. This partially ex- 
plains why no fish kills have been re- 
corded in cooling ponds which have 
clean water but clevated water tempera- 
tures. In the case of Martins Creek 
this explanation also would apply since 
the unpolluted condition of the Delaware 
River at the plant circulating water in- 
take results in high oxygen content water 
in the circulating water discharge canal 
and the lagoon. 

Another contributing factor is that the 
upper lethal temperature limit is de- 
pendent upon the acclimatization tem- 
perature. Forexample, some biologists'* 
have stated that an upper limit of about 
93 F should be imposed except for trout. 
However, if the fish become acclimatized 
to 93 F, they probably could withstand 
temperatures of 100 F or higher. The 
acclimatization period need only be a 
matter of hours to produce a significant 
increase intemperature tolerance. There 
is, however, an upper limit beyond which 
fish cannot survive for more than a few 
hours regardless of the degree of acclimati- 
zation and dissolved oxygen concentra- 
tion. This limit is in the range of 104 to 
106 F for the finer fish and slightly higher 
for the coarser fish such as catfish, gar, 
and dog. 

Another item, to take into considera- 
tion when discussing temperature limits, 
is that biologists normally consider tem- 
perature limitations in relation to the 
environment which will result in good 
fish propagation. When considering tem- 
perature limitations relative to steam- 
electric plant operation, it should be 
borne in mind that maximum water tem- 
peratures will usually occur in the summer 
well after the spawning season and that 

12 John Cairns, Jr., ‘‘Effect of Heat on Fish,”’ 
Industrial Wastes, vol. 1, May-June, 1956, pp. 
180-183. 

18C. M. Tarzwell, ‘‘Water Quality Criteria 
for Aquatic Life,’’ Transactions of Seminar on 
Biological Problems in Water Pollution, R. A. 


Taft Sanitary Engineering Center, 1956, pp. 
246-272. 


the temperature rise in the stream or lake 
is not sudden but rather a gradual rise 
following the natural water temperature 
rise after compensation for the variation 
in stream flow. 

Furthermore, consideration also should 
be given to the river conditions and water 
use downstream of the plant. At 
Martins Creek Station, the mixing and 
aerating effect of Big Kapush Rapids 
apparently prevents the formation of a 
warm water stream along the Pennsyl- 
vania shore and raises the oxygen content 
of the water sufficiently to prevent any 
decrease in oxygen content which might 
result from increased oxygen consumption 
rate that would occur when the water is 
warmed. Not every plant is as favorably 
located as Martins Creek with relation 
to the natural reaeration features and the 
lack of industrial activity immediately 
upstream or downstream of the plant. 

In many instances the water at the 
plant intake is polluted or is polluted 
by others below the plant discharge. 
At such locations, temperature rise would 
affect the rate of ‘‘self-purification’’ of 
the water since an increase in temperature 
causes the rate of decomposition of 
organic matter to increase thereby raising 
the rate of oxygen consumption and cor- 
respondingly decreasing the oxygen con- 
tent of the water. Increase in tempera- 
ture also increases the rate at which 
water reacrates itself but, unfortunately, 
the rate of oxygen consumption by de- 
composition process rises more rapidly 
than the rate of reaeration. In these sit- 
uations a means for aerating the circu- 
lating water discharge before return to the 
stream may be desirable. Construction, 
where practical, of a drop structure in- 
corporating riffles in the circulating water 
discharge canal, would aerate the water. 
Experience has shown this method to be 
quite successful in adding up to 3 ppm of 
dissolved oxygen to the discharged cir- 
culating water depending upon the dis- 
solved oxygen content of the water at 
the condenser outlet and the water tem- 
perature. Other methods are presently 
being employed but each must be designed 
with respect to the individual situation. 

It is apparent that steps should be 
taken to: 


1 Conduct or sponsor research to 
determine the relationship of acclimatiza- 
tion temperatures to lethal temperatures 
for all popular sport fish and also the 
effect of dissolved oxygen content upon 
this relationship. 

2 Conduct or sponsor extensive eco- 
logical studies to determine actual condi- 
tions in the vicinity of power plants 
with respect to water quality, fish, and 
aquatic life. Where possible these studies 
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should be carried on before and after 
construction of the power plant. 

3 Publish detailed results of these 
studies in Items 1 and 2 and keep state 
water-pollution authorities fully  in- 
formed. 


If these steps are undertaken, both 
the utilities and the pollution-control 
authorities would be better informed and 
thus be able to develop more realistic 
regulations. 


Comment by S. F. Whirl'* 

Both the author and his company are 
to be complimented on this original and 
worth-while contribution to an extremely 
complex subject on which there is cer- 
tainly a dearth of reliable information. 
Little is known concerning how small 
temperature increases, in localized areas, 
affect animal and plant life in rivers 
and streams. Is microbiological growth 
sustained or destroyed? Is aquatic life 
reproduction interrupted? Does plant 
life disappear? Or do both fish and 
plant life adjust to the local condition 
and continue their normal growth? The 
author has supplied this information for 
one localized area constituting approxi- 
mately 1,200,000 sq ft, and has found no 
condition deleterious to plant or fish life. 
Similar studies at many other plant sites 
under the individual conditions that pre- 
vail can create a pool of knowledge for 
evaluating thermal effect wherever it 
might occur. 

Electric utilities are community-con- 
scious, they are good neighbors, and 
necessarily so; the growth of any power 
company is dependent on the community 
well-being. Commerce, industry, civic 
conscience, education, and recreation, all 
contribute to the community's prosperity. 
Clean air and clean streams are today a 
matter of civic pride safeguarding both 
health and recreation. Electric utilities 
are actively engaged in activities which 
make the community a better place in 
which to live. The Duquesne Light 
Company participated in much of the 
pilot work in the control of air pollution, 
contributing measurably to Pittsburgh's 
Renaissance. This work was carried 
on long before air-pollution legislation 
was enacted, and furnished basic informa- 
tion necessary to draft a practicable air- 
pollution ordinance. 

Now, we are embarking on a similar 
project in regard to stream pollution, 
particularly as it may be affected by 
temperature increase. Here, again, we 
need similar basic information. This 
will require co-operative studies by repre- 
sentatives of commerce, industry, civic- 
minded groups, and government to deter- 

14 Chemical Operating Engineer, Duquesne 
Light Company, Pittsburgh, Pa. 
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mine a practicable solution to the prob- 
lem. 

Initiated by the Pennsylvania Electric 
Association, industry in the Pittsburgh 
area already has began a co-operative 
study at selected locations on all of its 
three rivers—the Allegeheny, Mononga- 
hela, and Ohio. The Duquesne Light 
Company is also represented on the Ad- 
visory Committee for Control of Stream 
Temperature, appointed by the Division 
of Sanitary Engineering, Pennsylvania 
Department of Health. 

Another investigation, which has 
been in progress for the past two years, 
stems from a clause in the Operating 
Permit for the Shippingport Atomic 
Power Station which reads as follows: 


“The permittee is hereby advised that 
the river water temperature rise is tenta- 
tively limited to 2 F at points to be de- 
termined by the Sanitary Water Board 
after the results of the thermal studies of 
the channel and of other data have been 
reviewed, and that if this limit cannot be 
maintained with the proposed method of 
discharge, then complete dispersal of 
the condenser effluent in the river, or 
other means for temperature control, 
may be necessary.” 


Temperature readings are being taken in 
accordance with a planned program; 
this study is still in progress. 

It is earnestly hoped that this complex 
problem will be given deserving consid- 
eration, that advantage will be taken of 
every opportunity to gain new and vital 
information, and that eventually, worka- 
ble, yet effective legislation wil! be 
enacted. Until this basic information 
is available it would be wise to hold in 
abeyance, any legislation which could 
prove inadequate, unfeasible, economi- 
cally unsound, or detrimental to the 
commonwealth. 


Comment by J. D. Williamson 

The work which the author and his 
company have done in studying the effect 
of condensing water discharged into a 
river is both timely and necesssary. If 
we, who are in the business of generating 
power, are going to be subject to state 
regulations on this matter, a great deal 
of educational work will need to be done. 

The work done by the Pennsylvania 
Power and Light Company indicates that 
the discharge of condensing water into a 
river does not produce the ill effects 
which some have claimed. In fact, this 
paper indicates that it may have certain 
advantages. 

The danger of regulations on this 
matter is that they will probably not con- 
sider rivers individually. We have a 


ib mpeg Power Production, The Dayton 


Power and Light Company, Dayton, Ohio. 
Mem. ASME. 


410-mw station located on the Great 
Miami River in Dayton. About eleven 
miles downstream we have a 360-mw 
station. Minimum flows of 200 cfs are 
not uncommon during the summer and 
fall months, and the historical minimum 
flow was 109 cfs. The latter occurred 
with one power plant on the river, and it 
had a capacity of only 220 mw at that 
time. 

This stream is quite wide and there- 
fore quite shallow in many locations. 
We have never run a temperature survey 
as thorough as the one conducted at 
Martins Creek. However, we have 
checked temperatures of the river between 
the two stations and for several miles be- 
low the second station. We discovered 
that the temperature returns to normal 
about three miles below the point where 
the condensing water is discharged 
into theriver. We noticed also that, due 
to the shallowness of the river, the tem- 
perature will increase again beyond this 
point due solely to the heat from the sun. 

Thus it would seem that we have 
problems on this river that are not com- 
mon to deeper streams and those with 
minimum flows. 


Comments by B. B. Owen, et al.'* 

The author states the fact that the 
Institute of Research of Lehigh Univer- 
sity has conducted research on the subject 
to which his paper* is addressed. This 
research, under the direction of F. J. 
Trembley, professor of Ecology at Le- 
high, has been sponsored by the Pennsyl- 
vania Power and Light Company. We 
are grateful that the author only implies 
but does not state explicity that his re- 
marks are based upon or accurately repre- 
sent the findings of this research. In 
each of the five sections of the paper are 
statements which contradict research find- 
ings as reported to the Company, or 
which present ‘‘facts’’ not established 
by the research, or which are misleading 
because of omission or distortion of parts 
of the data. 

A reasonable approach to a potentially 
lengthy discussion is to review the con- 
clusions. At the outset, the author's 
remark “‘Little substantiated information 
is to be found, and that which is available 
is insufficient to permit reliable conclu- 
sions’’ in our opinion is still applicable to 


16 B. B. Owen, associate professor of Biol- 
opy Lehigh University, and acting director 
of the research project on Condenser Water 
Discharge Effects. The Director, Dr. F. J. 
Trembley, professor of Ecology, although on 
leave, has reviewed this discussion and concurs 
tully with it. Others participating include 
Dr. B. W. Parker, professor of Biology and 
head of the department, J. A. Mihursky 
and Mrs. Eleanor Hertz, research assistants, 
and G. R. Jenkins, director of the Institute of 
Research, Lehigh University. 
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the value judgments he offers in the 
paper. With this reservation, the re- 
search findings are sufficiently consistent 
with the author's conclusions numbered 2, 
4,7, 8,9, and 11, that specific discussion of 

these is not required although some of 

them are questionable extensions of the 

research findings. This comment, then, 

pertains to the remaining conclusions and 

the parts of the paper devoted to them. 

1 Conclusion 1, pertaining to distribution 
of heated water after discharge to the river. 

Assertions are made by the author that 
‘the cemperature of river water at the 
bottom of the river is unaffected’’ and 
again “is usually not affected.’’ The 
first of these assertions refers to the entire 
area affected by the discharge, but it ap- 
pears to be based solely upon a single tem- 
perature-depth profile, one of only three 
which were made 3100 (cf. 2100 ft in 
caption for Fig. 2) ft below the point 
where the hot water is discharged into the 
river. Moreover, the reader is not in- 
formed that the one selected for presenta- 
tion in the paper and used for the gen- 
eralization quoted was made on a day 
when one of the two generators at the 
plant was not operating. The reader is 
also not informed concerning seven 
temperature traverses which were made 
at the railroad bridge (1500 ft below dis- 
charge). In these traverses, surface and 
bottom temperatures were measured and 
showed very close agreement throughout 
the width of the heated zone. 

With respect to Fig. 2, the interpreta- 
tion is given that heated water extended 
only 2 ft 6 in. below the surface and 
left 85 per cent of the water of the 
river unaffected. This interpretation is 
probably not justified even for conditions 
on the day when the profile was made. 
The ‘average normal”’ river temperature 
of 80 F shown in that figure was taken 
from the water intake by a thermocouple 
temperature recording instrument located 
at the plant. All other temperatures 
were taken by use of a thermistor, a more 
accurate instrument. Since the tempera- 
ture on the Jersey side of the river is 
shown in Fig. 2 to be 78.8 F, the reader 
might conclude that this rather than 80 F 
should represent the “‘average normal." 
Such revision greatly increases the depth 
and area containing water above normal 
temperatures on the profile. The per- 
tinent research report states that the 
minimum temperature observed at the 
railroad bridge on the Jersey side of 
the river represents normal river tempera- 
ture for such comparative purposes. 
Nevertheless, the use of the 80 F criterion 

has not been changed since the original 
preparation of the drawing. For this, 
the research personnel must share some 
responsibility, although we avert that by 
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recommending repeatedly that more 
temperature-depth profiles should be 
taken, we have established our rejection 
of Fig. 2 as being representative of actual 
temperature distributions and as being 
suitable for use in a publication without 
full explanation of its limitations. 

‘The greater flow of the river returned 
the temperature of the surface water along 
the Pennsylvania shore to within 4 F of 
intake water temperatures 2100 ft down- 
stream from the railroad bridge and to 
within 1 F, 3000 ft downstream.’ This 
refers to the lower part of Fig. 1, illus- 
trating conditions when river stage was 
high. It is subject to the qualification 
that again the thermocouple record of 
intake water temperature was considera- 
bly higher than the thermistor readings. 
If one takes the Jersey side temperatures 
as normal river value, the temperature 
at 3000 ft below the bridge, hence 4500 ft 
below discharge, is 4 or 5 F above normal, 
not 1 F. This view is further sustained 
by a series of temperature readings taken 
weekly for one year, all by the same in- 
strument, a calibrated field thermometer, 
during the collection of periphyton sam- 
ples. Temperatures were measured in 
the river near the intake and at a point 
on the Pennsylvania side 4500 ft below the 
discharge. These data show that at this 
point river temperature averaged 3.4 F 
above normal river-water temperatures at 
intake. 

The author, referring to the second 
set of traverses in Fig. 1 and presumably 
other data, notes ‘‘Surface water temper- 
atures had pretty well returned to normal 
at 4500 ft downstream from the point 
where the discharge canal enters the 
river."’ Actually, the upper part of Fig. 
1 shows an average temperature of about 
78 F at 4500 ft below discharge compared 
with intake temperature of 72 F, a value 
which is also consistent with the actual 
normal value for the river on that day. 
The upper part of Fig. 1 specifically 
negates the conclusions drawn from the 
lower part. On analysis, the two parts 
of Fig. 1, as well as the misleading inter- 
pretation of Fig. 2, illustrate very well 
the difficulties of utilizing the thermo- 
couple temperature recorder to establish 
normal river temperatures. 

2 Conclusion 3, pertaining to effects on 
plant life. 

The author asserts that ‘‘all in all it 
can be stated that the aquatic vegetation 
of the river was not materially changed 
by the discharge of condensing water."’ 
Prior to this he stated ‘“This type of vege- 
tation (blue-green algac)is present in very 

small amount”’ and ‘‘The blue-green algae 
in the area below the discharge canal were 
minor in amount.’’ These statements 
contradict the research findings of drastic 


reduction of rooted aquatic plants on the 
Pennsylvania side of the river for at 
least 1500 ft below the discharge, and of 
a marked increase in the growth of ob- 
jectionable blue-green algae over a 
length of at least 2500 ft in the river, with 
a concomitant suppression of normal 
growth of most other algae. In addi- 
tion, the entire discharge canal contains 
for a greater part of the year a massive 
growth of blue-green algae. These 
changes in rooted aquatics, blue-green 
algal and periphyton distributions, were 
clearly reported to the Company. Fig. 
3 of the paper does not itself support the 
statements quoted. 

3 Conclusions 5, 6, and 10 pertaining to 
fish and fishing. 

In conclusion 6 and other statements, 
the author asserts that there were no fish 
kills in the river resulting from the dis- 
charge of condensing water to the river. 
This contradicts the research findings of 
fish kills in the heated water of the river 
as well as in the effluent canal, as given 
in three different progress reports. These 
reports included direct observations of 
fish in the river actually seen dying with 
symptoms known to be associated 
with heat death. 

The statement, ‘‘Since fish kills take 
place to about the same extent both up- 
stream and downstream from the sta- 
tion’’ apparently refers to a single ob- 
servation on May 15, 1957, when 208 dead 
white suckers were counted, along with 
23 fish of other species, on both shores be- 
tween Delaware Water Gap and Phillips- 
burg. As stated in the report, the white 
suckers probably died as they sometimes 
do in connection with annual spawning 
activities. 

The pertinence of conclusion 5 that 
“fish have the ability to stay out of 
areas of the river where the tempera- 
ture of the water is not to their liking”’ 
is doubtful in view of the record of fish 
kills in the river by the heated water. 
It also must be held in reservation until 
the temperature distribution is more 
thoroughly investigated to determine 
whether or not conditions may occur that 
might prevent avoidance of heated water 
by fish. 

In this connection, the observation 
“During the heat of summer the water in 
this lagoon reaches temperatures consid- 
erably above the reported LD-50 tem- 
peratures for these fish. In spite of this 
they survive, are active, strike at lures, 
and provide good fishing’’ is a serious 
misinterpretation. The research reports 
note a few occasions when fish did bite 
when the thermometer showed water as 
hot as 104 F.° However, the author 
should include the information that the 
upper end and bottom of the lagoon con- 
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tain cooler water in which the fish can 
find refuge, where in fact they seem to be 
trapped, become very hungry, and indeed 
do strike through the hot water at lures. 
In any Case, it is inappropriate to use the 
expression “‘in spite of this’’ since it 
logically follows by definition that the 
more temperature tolerant 50 per cent of 
fish will ordinarily survive the LD-50 
temperature. 

Conclusion 10 that ‘‘fishing in a river 
is improved as a result of the discharge 
of condensing waters’’ is seriously mis- 
leading. It is an unwarranted extension 
of conclusions 7 to 9, inclusive. Other 
findings pertinent to the fisheries biology 
of the site are in some respects favorable 
to improved fishing and in other respects, 
unfavorable. As might be expected, pres- 
ent data are insufficient to permit drawing 
a broad generalization such as conclusion 
10. It is obvious that the observations at 
the particular site, although pertinent, 
have not established the generalization 
except for the immediate reach under the 
existing conditions of water use. For 
fishing to be improved in any body of 
water on a long-term basis, there must be 
an increase in reproduction, survival, and 
growth. The extent data are only part 
of those necessary to consider ‘‘a river,"’ 
whatever the author may mean by this 
language. Wealso have no evidence that 
research has been conducted on any other 
river with sufficient thoroughness to 
verify such a generalization. 

In summary, the caption under the title 
of the paper proclaims, ‘This study shows 
no harmful effects to fish or plant life.”’ 
The research findings include evidence of 
fish kills, massive blue-green algal 
growths, and alterations in other forms 
of life observed in the heated water zone. 
A return to upstream conditions has not 
yet been demonstrated conclusively in 
some cases even at 4500 ft below the dis- 
charge. These conditions certainly con- 
stitute ‘‘harmful’’ effects in the eyes of 
many who are concerned with water 
quality and use. It appears to be not 
only false but a totally unnecessary re- 
mark. 

It is apparent from the list of six con- 
clusions which have not been discussed, 
that there are valid considerations that 
pertain without prejudice to the net con- 
sequences of heated water discharge at the 
rates now prevailing at the Martins Creek 
S.E.S. By including materials which 
are at variance with the research findings, 
the author vitiates the value of his paper. 
This is notable because the progress of 
the research has been revealed, with 
Company participation, to persons in 
industry and Federal and State agencies 
who by their positions and training are 
likely to be especially perceptive. The 
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research has been reported in privileged 
communications to others, and has been 
partially published as follows: 

F. J. Trembley, “‘Effects of Heated In- 
dustrial Effluent Water."’ Proceedings of 
the Eighth Annual Conference, Pollu- 
tion Abatement Committee, Pennsylvania 
State Chamber of Commerce, Harrisburg, 
Pa., May, 1960 (mimeo). 


Comment by J. D. Ristroph"”’ 


The author has ably presented a most 
timely subject—that of the effects of 
thermal pollution and stream pollution in 
general. The Virginia Electric & Power 
Company has been engaged in research 
and study of the effects of the tempera- 
ture and other involved factors, such as 
the limnological aspects, on streams and 
bodies of water for a number of years. 
We were abruptly faced with this prob- 
lem in connection with obtaining a 
license for a hydroelectric project—yet 
little had been published on the subject 
other than in civil-engineering journals 
or textbooks normally not found in 
utility libraries or reference files. There 
is a serious need of current information. 

Our studies were of great magnitude 
and were made in co-operation with 
various consulting and engineering firms 
and state and federal agencies. An idea 
of the scope can be gained by the fact 
that more than 15,000 analyses were made 
in one summer. These tests still con- 
tinue and a survey of some 90 miles of the 
river, including two hydroelectric reser- 
voirs, is made every two wecks during the 
critical period and once monthly in the 
winter months. Here must be considered 
the fields of ecology and limnology with 
the attending complexities of the hypo- 
limnium, the epilimnium, thermoclines, 
diurnal cycles, and photosynthesis. To 
these factors, we could also add the com- 
pounding effects of industrial and mu- 
nicipal sewerage. 

From our experience on this river and 
from many and diverse studies at our 
thermal power stations, we can find gen- 
eral agreement with the findings of the 
author. These tests at a number of power 
stations show that the heated water tends 
to spread out on the surface, with cooling 
resulting from ambient cooling, evapora- 
tion, and seme interfacial mixing of the 
layers of water at different temperatures. 
Temperature gradients soon disappear and 
only minor distances of the stream are 
affected. 

Our findings indicate that rapid 
changes in temperature are suspect in 
fish kills. We can cite a case of a 
large fish kill of gizzard shad in our Roa- 
noke Rapids hydroelectric impoundment. 


17 Manager of Power Production, Virginia 
Electric & Power Company, Richmond, Va. 


At this time, the oxygen content was high 

and there was no evidence of any con- 
tributing cause other than a relatively 
quick temperature depression. Similar 
cases can be cited. It is believed that fish 
and other aquatic life can accommodate 
to gradual temperature changes and be- 
come acclimated. 

Relative to desired minimums of dis- 
solved oxygen, fish can live and have been 
found in areas where the dissolved oxygen 
content of the water was well below the 
value cited in textbooks as the irreducible 
minimum conducive to sustenance of 
aquatic life. 

We certainly can agree with the author 
that fishing, especially in the winter 
months, is especially good in the area 
of condenser discharge. Perhaps the best 
indication of this is the fact that this is 
the point of greatest concentration of 
anglers—and you can’t fool a good 
fisherman! 

The discusser attended a symposium 
several years ago at which one of the 
learned speakers expressed a fear that the 
“efficient air removal apparatus’ in 
utility plants would effectively remove 
and materially reduce the dissolved oxy- 
gen in condenser discharges. This erro- 
neous thinking is sometimes typical of 
those unacquainted with the actual facts. 

A study was made at the outfalls of 
some of our thermal stations a number of 
years ago. Tests for temperature and 
dissolved oxygen content were made at 
the intake and discharge of our circu- 
lating water systems. The per cent satu- 
ration could then be easily computed. 

The bar graphs illustrate the condi- 
tions found. It will be noted that there 
is a slight drop in oxygen content only 
when the inlet water is saturated with 
respect to oxygen content. This would 
occur normally during the colder winter 
conditions when dissolved oxygen is not 
as important a factor in open waters be- 
cause of the high levels of dissolved oxy- 
gen that exist and because of the lower 
rates of reaction with organic matter 
at these depressed temperatures. It will 
be noted that the percentage saturation 
remains at 100 per cent. (Possum Point 
Units 1 and 2. See Fig. 2.) 

Where the inlet water is not initially 
saturated with dissolved oxygen, usually 
in the critical summer and early fall 
months, it will be noted that we have 
an increase in per cent of saturation and 
the quantity of dissolved oxygen, ex- 
pressed as parts per million, is practically 
unchanged. (Yorktown, Chesterfield, 
and Twelfth Street Stations. See Figs. 
1, 3, and 4.) 

Of course, condenser design relative 
to one or two pass construction and the 
design of the outfall can influence these 
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values. It can be seen that units of 
proper design do not affect materially the 
dissolved oxygen content of the discharge. 

The need for public dissemination of 
data on studies on stream pollution is 
urgent. We cannot expect our state 
legislative bodies to be experts on these 
matters and in reality even many experts 
find serious grounds for disagreement 
among themselves. It is suggested that 
our utility and industrial firms can well 
afford to engage in constructive research 
on this matter of stream pollution in 
order to more actively participate in the 
formulation of intelligent workable 
legislation which will take into consid- 
eration not only the conservation of 
natural resources but also the reasonable 
economic welfare of the users of the 
stream and the industrial development 
of the area. It has been our experience, 
in the tri-state areas, that the regulatory 
authorities have been co-operative and 
appreciative of such efforts. 

Comment by Charles B. Wurtz'* 

The author has given a lucid de- 
scription of the work done by Dr. F. J. 
Trembley, his students, and colleagues. 
This work is of interest to all who are 
concerned with heated discharges. 

In his conclusions, he states that local 
conditions govern the aquatic effects 
resulting from the discharge of the con- 
densing water from a power plant to a 
river. He goes on to state that cach 
case should be individually studied. 
However, it would have been helpful if 
he had indicated some generalizations, 
even though tentative. 

Our own work in Pennsylvania, plus 
the work of others (much of which is 
unpublished to date) would, tentatively, 
Consulting Biologists, Inc., Philadelphia, 

a. 


indicate that the reduction of thermal 
loading in a natural channel is intimately 
associated with the hydraulics of flow. 
In general, shallow streams with rough 
channels and higher turbulence tend to 
limit the lateral spread of a discharge. 
In such streams the discharge tends to 
hug the bank of its origin. The Delaware 
River at Martins Creek appears to be of 
this nature. Conversely, deeper streams 
with smoother channels and __ lesser 
turbulence tend to accentuate the lateral 
spread of a discharge. Since these con- 
ditions represent either end of a con- 
tinuous variate all intermediate condi- 
tions should be found. Velocity of 
flow must play a conspicuous part in 
the pattern of distribution of a dis- 
charge. Phelps (Stream Sanitation, 
1953) tells us that the retarding effect 
of sewage on reaeration is increased with 
higher rates of turbulence. Is_ this 
applicable to heat reduction? 

One corollary of this is the greater 
distance a heated discharge can be traced 
in the shallow, turbulent stream. A 
contradictory aspect (to a nonengineer) 
is the laminar surface flow described. 

Contrary to some published comments, 
there does not appear to be sufficient 
data available to support the contention 
of a permanent heat increment in a 
river by only a single heated discharge. 
Such increments appear to be derived 
from repetitive discharges, and these 
are not necessarily cumulative. 

Some discussion of aquatic vegetation 
is offered by the auther, but most of the 
river biology studied at Martins Creek 
relates to the fish. It is unfortunate that 
fish are viewed as the epitome of bio- 
logical usefulness in an aquatic habitat. 
Both trickling filters and activated 
sludge tanks are aquatic habitats that 
do not support fish. Both are more 
important to our human culture, com- 
fort, and economy than all the bass and 
walleye pike in North America. An 
undue emphasis upon recreational fishing 
carries an inherent implication that the 
elimination of fish from a_ particular 
part of a stream constitutes biological 
destruction of that part. This is not 
true. Many surface waters lack a fish 
fauna, but they are still biologically 
active. The activities of our citizens 
and the physiography of our nation 
reduce our fishermen to a minority group. 
They should not be encouraged to 
expect that every acre of water will be 
held for their interest. They must bear 
in mind the lamentation of the prophet 
(Isaiah 19:8): ‘‘The fishers also shall 
mourn, and all they that cast angle into 
the brooks shall lament, and they that 
spread nets upon the waters shall 
languish.” 
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The Senator From Vermont 


By Ralph E. Flanders. Little Brown & 
Company, Boston, Mass., 19€1. Cloth, 5'/2 
X 8'/,in., 312 pp., $5. 


Reviewed by William L. Batt! 


Reviewinc a new book by a Past- 
President of The American Society of 
Mechanical Engineers is not the easiest 
assignment one could think of. One 
can never be unmindful of the fact that 
such a man is likely to be a man of im- 
portance and anything he writes is sure 
to have a background of wisdom and 
experience. But, to make the problem 
more difficult, the reviewer may be an 
old and close friend of the author and may 
well lack an adequate objectivity as he 
appraises the author's self-portrait. For 
this book is Ralph Flanders’ story of his 
own career, beginning with his boyhood 
days in Vermont and carrying the reader 
through a busy and highly useful life to 
his recent decision to retire from Sena- 
torial life. 

The book under review is an interesting 
book and well worth a wide readership. 
It is the work of an intensely thought- 
ful man. It pictures a life of a wide 
variety of activities, all with depth and 
purpose. From beginning to end, it is 
the chronicle of a serious-minded in- 
dividual who is constantly motivated by 
high moral principle and a determination 
to press toward an objective regardless of 
Opposition. 

As one sees how this Vermont boy 
was brought up—his background, his 
family life, his schooling—such an at- 
titude toward life is easy to understand. 

Reading the first sections of the book, 
in which these boyhood experiences are 
so interestingly descrited, raised some 
serious questions in this reviewer's 
mind about the way of life of the young- 
ster of today. What can one conclude 
about the moral stamina and the roots of 
character of the child of our time glued 
in all his spare time to the radio and tele- 


1 Retired president, S.K.F. Industries, 
Philadelphia, Pa. Past-President and Hon. 
Mem. ASME. 
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vision; too frequently little or no 
responsibility for any share of work 
around the house; a lack of consciousness 
of family sharing and family unity? 

I conclude that this portion of the 
Flanders book impressed me deeply; 
made the whole book well worth-while, 
had there been no other rewards. Of 
course there were, and it may well be 
that I got less from them relatively 
because they were more familiar to me. 
But the picture of that little Flanders 
family, not well off materially even in 
the standards of that day, all sitting 
around the large kitchen table after the 
supper dishes had been removed. The 
one really good kerosene reading lamp in 
the center; father reading or checking up 
on his family accounts; mother darn- 
ing or mending; the children doing their 
homework as a part of that busy, inti- 
mate family circle. Doesn't this give a 
child something of a deep and permanent 
character? Isn't his sense of responsi- 
bility to his family, his community, and 
his own life matured on the only really 
sound basis? Certainly this story of the 
upbringing of a typical Vermont boy 
raised grave questions in my mind. I 
cannot fail to ask if, in giving our chil- 
dren of today so many material com- 
forts and luxuries, we are not keeping 
away from them some hardening and re- 
fining qualities that would make them 
more self-contained and useful adults. 

I doubt if the author thought of this 
portion of his book as one of much 
interest compared to what was to follow 
from his mature years, but it left an 
unforgettable impress on my mind. 

As to the body of the book, I confess 
to some small disappointments. In his 
foreword, Flanders explains that he is 
writing for his family, particularly his 
grandchildren. This could explain his 
use of a great deal of space on his travel 
experience, not of particular interest to 
you or me, and he omits or understresses 
his many contributions to engineering, 
industry, and public life. 

Page after page quotes from speeches 


REVIEWS BOOKS 


and various writings of the author. 
Much of this seemed to me needlessly 
detailed and of little general interest. 
My disappointment, if that is not too 
critical an expression, arises from the fact 
that Flanders does not treat, with all the 
philosophical thoroughness of which I 
know he is capable, some of the major 
social contributions he has made. He 
has certainly been an outstanding pioncer 
in the development of a new and revolu- 
tionary concept of managerial responsi- 
bility. In his active lifetime—indeed in 
just the past quarter century of it—he 
has seen and participated actively in 
changes in the relationships between 
employer and labor, whose consequences 
are too far-reaching to be adequately 
evaluated even now. 

One would like to have seen a more 
vigorous discussion of the author's 
part in this great movement, because his 
attitude was always sufficiently objec- 
tive to qualify him more as a judge than 
merely an advocate. 

The same observation could perhaps 
be made as to his rather casual comments 
on his connection with the profession 
of mechanical engineering and with his 
Presidency of this great Society. His 
contributions in the field of standardiza- 
tion, it seemed to me, warranted a more 
detailed coverage, particularly as this 
area of engineering achievement has had 
such a profound effect on the American 
economy. 

Perhaps these friendly criticisms may 
sufficiently annoy our fellow engineer to 
bring him to write another book—one 
which will go into some greater detail as 
to his philosophical reactions in these 
fields of great human change where he 
has had such an active part. 

Flanders makes one most interesting 
observation in his book which, in itself, 
is of enough significance to warrant a 
more detailed discussion. He advances 
the proposition that an engineer, trained 
to evaluate facts, may well fail com- 
pletely in the field of diplomacy where 
facts are likely to give way to compro- 


MAY 1961/ 119 


| 
Books 
: 
é 
ae 
; 
4 


mise. As one looks dispassionately at 
Senator Flanders’ effectiveness in the 
Senate of the United States, one may, 
I think, ask if his training as an engineer 
and his unwillingness to swerve may 
have limited his effectiveness. Public 
life is largely a matter of compromise, and 
legislation most certainly is. The quali- 
ties of greatness which are inherent 
in Flanders’ life may have led me, as an 
old friend, to expect more from him in 
the way of bills bearing the Flanders’ 
name than came about. Could it be 
that here one found the necessity for 
compromises which, to Flanders, were 


difficult? 


Symposium on Fatigue of 

Aircraft Structure 

Published 1960 as ASTM Special Technical 
Publication No. 274 by the American Society 
for Testing Materials, Philadelphia, Pa. 
138 p., X 91/,in., bound. $4. Presents 
nine of the 12 papers given at the Symposium. 
Of the remaining three, two will be published 
later and one has been withdrawn. Topics 
covered include the handling of fatigue data in 
a practical design case, probable loading con- 
ditions encountered by aircraft, supersonic 
fatigue test methods, fatigue behavior under 
high biaxial stresses, helicopter problems, 
methods for improving fatigue behavior, meth- 
ods for predicting rates of fatigue-crack propa- 
gation and cumulative damage due to variable- 
amplitude loading. 


Symposium on Newer Metals 


Published 1960, as ASTM Special Technical 
Publication No. 272, by The American Society 
for Testing Materials, Philadelphia, Pa. 
218 p., 6'/; & 91/4 in., bound. $7.25. The 
three sections of this text correspond to the 
three sessions of the Symposium. Section 1, 
“Properties of refractory metals,’’ includes 
papers on high-temperature testing methods 
and properties of molybdenum, tantalum, co- 
lumbium, and the platinum-group metals. 
Section 2, ‘‘Nuclear and light metals,"’ in- 
cludes papers on beryllium, zirconium, and 
yttrium. Section 3, ‘Processing of newer 
metals,’’ is concerned with purification and 
fabrication of columbium, tantalum, molyb- 
denum, chromium, and lithium. An addi- 
tional paper is included in this volume to 
supplement the information on zircaloy alloys, 
dealing with the application, to the analysis 
of zircaloy, of coulometric determination of 
tin. 


Symposium on Spectroscopy 

Published 1960 as ASTM Special Technical 
Publication No. 269 by the American Society 
for Testing Materials, Philadelphia, Pa. 
245 p., in., bound. $7. This 
volume contains 16 papers presented at the 
Symposium dealing with such topics as atomic, 
x ray, infrared, molecular, ultraviolet, mag- 
netic resonance, and electron paramegnetic 
resonance spectroscopy, flame photometry, 
infrared, and spectroscopic analysis, and a 
plications in geochemistry, petroleum ~ 4 
nology, and other fields. Also included is a 
nonsymposium paper dealing with application 
of spectrography to the analysis of water 
formed deposits. 
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Doubtless it was this unwillingness to 
compromise where he thought principle 
was involved, that gave the Senator from 
Vermont the determination to meet 
Senator McCarthy head on at a time 
when other Senators seemed to find an 
attitude of evasion the safest one. This 
took real courage. Flanders was not, 
of course, the only man in a position of 
public responsibility who saw great 
and fundamental danger to our demo- 
cratic institutions; there were many in 
high places who deplored what was 
going on under the guise of protecting 
the country from communism, and yet 
failed to protest. McCarthy had shown 
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La Theorie des Gaz Neutres et lonises 
By E. W. Montroll and others. 1969, John 
Wiley & Sons, Inc., New York, N.Y. 469 p., 
7 X 93/, in., bound. $17.50. This volume 
contains material presented at the ninth (1959) 
session of the summer school in theoretical 
gee at the University of Granoble, France. 
he nine sections are self-contained, and 
usually include extensive bibliographies. 
Five sections are by American scientists, and 
discuss statistical mechanics of interacting 
particles; plasma in a strong magnetic field; 
asymptotic theory of systems of ordinary dif- 
ferential equations; Landau damping; and 
plasma transport theory. One section from 
the Netherlands presents lectures in English on 
statistical mechanics of nonequilibrium phe- 
nomena. The remaining contributions are 
from France, in French, and deal with the 
microscopic theory of ionized gases; electro- 
magnetic waves in plasmas; and the role of 
plasmas in astrophysics. 


The Theory of Thin Elastic Shells 
(Proceedings of a Symposium of I.U.T.A.M., 
Delft, 1959) 

Edited by W. T. Koiter. 1960, Interscience 
Publishers, New York, N. Y. 496 p., 61/4 X 
9in., bound. $9. The 23 papers p-esented at 
this symposium (5 in German, | in Ranch dis- 
cuss two aspects of shell theory—nonlinear 
theory and problems lacking axial symmetry. 
Frequently papers from two or more sources 
deal with the same topic, indicating simul- 
taneous investigations in different countries, 
but these present different points of view and, 
collectively, a broad perspective of each 
problem. 


Unsteady Motion of Continuous Media 

By K. P. Stanyukovich. 1960, Pergamon 
Press, Inc., New York, N. Y. 745 p., 6!/2 
X 10 in., bound. $15. This edited transla- 
tion contains a restatement of classical theory, 
and a complete account of the contributions to 
the science by Russian scientists. These con- 
tributions ieee work with classical problems 
and with the many new applications in prob- 
lems of explosions, fission or fusion reactors, 
and the motion of space vehicles. 


Winning Coal 
By John Sinclair, 1960, Sir Isaac Pitman & 


such a capacity for unrestrained and bit- 
ter attack on his critics that there was 
everywhere a disposition to give him 
as wide a berth as one does a certain at- 
tractive animal with an extremely unat- 
tractive and odorous attack. 

It may well be this one sturdy asser- 
tion of decency and right which will 
forever serve as Flanders’ monument in 
the Senate of the United States. 

No appraisal of his life’s work can 
fail to recognize and praise it. 

The ASME has reason to be proud of 
this Past-President and will, I am sure, 
find his book thoroughly good reading. 
I commend it to my fellow members. 


Sons, Ltd., London, England. 406 p., 5'/2 
X 85/,in., bound. £3.00. Written for those 
preparing for British professional degrees and 
technical certificates by a specialist in mecha- 
nized mining, this book considers all methods 
of coal production at the face. An opening 
survey of open cast production is followed by 
concise treatment of the older hand-worked 
methods. The next five chapters deal in de- 
tail with methods of mechanized mining, in- 
cluding the panel and block systems in room- 
and-pillar mining, coal cutters, loaders, con- 
tinuous miners, and cyclic and noncyclic 
longwall mechanization. The last two chap- 
ters deal with the use of explosives and ne 8 
stitutes such as cardox, hydrox, and com- 
pressed air. 


Advances in Petroleum Chemistry 

and Refining, Vol. 3 

Edited by John J. McKetta, Jr. 1960, Inter- 
science Publishers, Inc., New York, N. Y. 
544 p., 6'/4 X& 91/4 in., bound. $16.80. 
Seventeen contributors from industry present 
critical evaluations of current practice and 
recent developments in this field. The papers 
are arranged in five groups. ‘‘Economics and 
future trends’’ discusses the economics of 
petrochemicals; ‘‘Unit operations and design’’ 
has sections on liquid thermal diffusion and 
fired-tube heaters; ‘‘Refining processes’’ covers 
the mechanism of hydrocarbon isomerization, 
the hydrogenation of petroleum and its frac- 
tions, pie hydrofluoric acid alkylation of 
paraffins; ‘‘Petrochemicals’’ includes dis- 
cussion of hydrocarbon oxidation, the manu- 
facture of petrochemical acetylene, and the 
chemistry of the sulfur compounds in petro- 
leum; ‘‘Mechanical equipment”’ reviews recent 
advances in cooling towers. 


Advances in X-Ray Analysis, Vol. 3 

Edited by William M. Mueller. 1960, 
Plenum Press, New York, N. Y. 376 p., 6 X 
9'/, in., bound. $12. This volume contains 
23 of the papers presented at the eighth annual 
conference on applications of x-ray analysis, 
held in Colorado in August, 1959, and spon- 
sored by the Denver Research Institute of the 
University of Denver, and two papers from the 
seventh conference. The — discuss de- 
velopments in the fields of x-ray absorption, 
fluorescence, diffraction, and instrumentation. 


Air Pollution Manual, Part1: Evaluation 

Published 1960 by the American Industrial 
Hygiene Association, Detroit, Mich. 194 P- 
83/, X 11'/,in., bound. $8.50. Prepared by 
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a group of engineers, chemists, toxicologists, 
hysicists, meteorologists, and others specializ- 
ing in the field of industrial hygiene and air 
pollution, this book presents information 
needed for the intelligent appraisal of air- 
pollution problems. It is a practical book, 
containing discussions of the methods, tech- 
niques, and instrumentation relevant to in- 
vestigations of each problem, as well as litera- 
ture references to proved sources of informa- 
tion. Vol. 2 to follow, dealing with air- 
pollution control. 


American Men of Science: The Physical 
and Biological Sciences, F-K 

Edited by Jaques Cattell. Tenth Edition. 
1960, The Jaques Cattell Press, Inc., Tempe, 
Ariz. Vol. 2 of four volumes, 83/4, & 11'/,in., 
bound. $25. ‘“‘American Men of Science”’ 
gives brief biographical data, including educa- 
tion, positions, and special fields of research. 
The 10th Edition covers the physical and bio 
logical sciences together in four volumes, of 
which A-G, and now F-K have been published. 
Volumes L-R and S-Z will appear by carly 
1962, preceding by some months publication 
of the fifth volume of this edition, which 
concerns the social and behavioral sciences. 
Each of the five volumes will contain approxi- 
mately 24,000 names. 

Analog Computation in Engineering Design 
By A. E. Rogers and T. W. Connolly. 1900, 
McGraw-Hill Book Company, Inc., New 
York, N. Y. 450 p., 6'/4 & 91/4 in., bound. 
$16. Emphasizing application rather than 
design and operation, this book demonstrates 
the use of the general-purpose analog computer 
in the solution of industrial problems. The 
brief introduction describes the principles, 
capabilities, and limitations of the computer. 
There follows a concise review of pertinent 
topics from engineering mathematics, and a 
full treatment of computer methods of solu- 
tion. The final section is an analysis of real 
problems taken from industry, illustrating 
efficient problem preparation and computer 
solution. 


Cermets 

Edited by J. R. Tinklepaugh and W. B. Cran- 
dall. 1960, Reinhold Publishing Corporation, 
New York, N. Y. 239 p., 61/4 X 9!/, in., 
bound. $9.50. Twenty-three authorities in 
the field of high-temperature materials here 
discuss the fundamental aspects and properties, 
forming and processing, testing, and applica- 
tions of oxide and carbide-base cermets. 
Chemical Analysis of Cast Iron 

and Foundry Materials 

By W. Westwood and A. Mayer. Second 
Edition. 1960, George Allen & Unwin, Ltd., 
London, England. 586 p., 6'/2 X 9'/z in., 
bound. 63s. This book describes general 
laboratory practice and apparatus in the 
sampling and chemical analysis of pig iron, 
cast iron, ferro alloys and ladle additions, iron 
ores, annealing ores, slags, refractory mate- 
rials, linseed oil, and coke. The methods de 
rive from work of the British Cast Iron Re- 
search Association, and the British Iron and 
Steel Research Association, and are described 
sufficiently to be used by junior assistants. 
This volume is published because of exhaustion 
of the first edition, but methods have been re- 
placed or modified where necessary to ac- 
commodate and incorporate new advances and 
the latest British Standard recommendations, 


Chipless Machining 

By Charles H. Wick. 1960, The Industrial 
Press, New York, N. Y. 502 p., 61/4 X 91/4 
in., bound. $10. This book describes pro- 
duction processes for the cold working of 
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Engineering Societies Library books, except 
bibliographies, handbooks, and other refer- 
ence publications, may be borrowed by 
mail by ASME members for a small han- 
dling charge. The Library also prepares 
bibliographies, maintains search and trans- 
lation services, and can supply a photoprint 
or a microfilm copy of any item in its collec- 
tion. Address inquiries to R. H. Phelps, 
Director, Engineering Societies Library, 29 
West 39th Street, New York 18, N. Y. 


steel, the essential steps in making parts by 
these methods, the design of equipment and 
tooling necessary for the use of the processes, 
typical applications, and the economies of 
moving metal rather than removing it. Work- 
ing data are included on such processes as 
spline and gear rolling, radial forging, power 
spinning, cold extrusion, and explosive and 
other high-energy-rate forming. 


Computer Engineering 

Edited by S. A. Lebedev. 1960, Pergamon 
Press, New York, N. Y. 184 p., 5'/2 X 84/4 
in., bound. $10. This translation from the 
Russian contains papers discussing the power 
supply of the high-speed electronic computer 
of the Academy of Sciences of the USSR; 
new elements and units for computers; 
a method of control of the arithmetic unit; a 
method of electing the required word from the 
dictionary in machine translation; and 
present-day computer technology. 


Controlled Thermonuclear Reactions 


By Samuel Glasstone and Ralph H. Lovberg- 
1960, D. Van Nostrand Co., Inc., Princeton, 
N. J. 523 p., 6'/4 X 9'/, in., bound. $5.60. 
This is a survey of basic principles and current 
research into the production of controlled 
energy from nuclear fusion. Discussion of 
the physical conditions necessary for the possi- 
ble methods of achieving fusion is followed by 
description of the Ppropertics, the techniques of 
studying the properties, 2nd the methods of 
production of plasmas of thermonuclear 
interest. Research on the pinch effect, the 
Stellarator, magnetic mirror systems, the 
Astron concept, and other proposed methods 
for plasma heating and confinement is then 
reviewed, and the book concludes with a sur- 
vey of sources of energy loss from heated 
plasmas and an outline of plasma stability 
theory. 


Engineering Analysis 

By Wen-Hsiung Li. 1960, Prentice-Hall, Inc., 
Englewood Cliffs, N. J. 362 p., 61/4 X 91/4 
in., bound. $8.25. This is a treatment of 
mathematics entirely from the engineer's 
point of view. The topics covered are — 
tions of integral and of differential calculus, 
vector algebra, ordinary differential equations, 
and the Fourier series. Numerical and 
graphic methods are given, emphasizing pre- 
cision of results. Worked-out solutions 
are given for some problems, and answers are 
given for all. 


Fabrication des Avions et Missiles 

By M. P. Guibert. 1960, Dunod, Paris, 
France. 847 e. 7'/2 X 11 in., bound. No 
price given. The author, an executive with 
aeronautical firms in France including Nord- 


Aviation and Marcel Dessault, teaches at 
l’Ecole Nationale Supérieure de Acronau- 
tique, Paris, where this book is the text for his 
course. It is a study of the principal activities 
in a concern which manufactures aircraft and 
missiles, from receipt of initiating order and 
reliminary research, planning, design, and 
of tooling requirements, through 
all stages of fabrication including full de- 
scription of tooling and alternative methods, to 
assembly and final finishing operations. The 
final chapters are devoted to special fabrication 
techniques and an evolutionary description of 
aviation materials and manufacturing tools, 
including the latest developments. 


Finite-Difference Methods for 

Partial Differential Equations 

By George E. Forsythe and Wolfgang R. 
Wasow. 1960, John Wiley & Sons, Inc., 
New York, N. Y. 444 p., 6 X 9'/4 in., 
bound. $11.50. This monograph is an ac- 
count of many of the more important results 
and difference methods currently available in 
the rapidly developing field of the method of 
finite differences, the only numerical method 
universally applicable to the solution of both 
linear and nonlinear differential equations. 
It attempts to give a general knowledge of the 
theoretical background and the known meth- 
ods, excluding topics having no direct bearing 
on numerical analysis, and not trying to a 
vide a guide for programmers or to include 
many numerical examples. Readers will re- 
quire knowledge of advanced calculus and the 
matrix theory, but not necessarily the theory 
of partial differential equations. 


From Theory to Practice in Soil 

Mechanics; Selections From the 

Writing of Kar! Terzaghi 

By L. Bjerrum and others. 1960, John Wiley 
& Sons, Inc., New York, N. Y. 425 Ps 
83/, X 1l'/2 in., bound. $12. A detailed 
account of the personality, professional 
achievements, and method of working of Karl 
Terzaghi, composed mainly of his own words 
through selection from his writings, with some 
explanatory comment. Clearly demonstrated 
in this manner is the way in which he estab- 
lished the fundamental principles of soil 
mechanics and then used them as powerful 
tools in his engineering practice. Also in- 
cluded is a bibliography, and contributions 
describing his life, achievements, and their 
significance. 


Fundamentals of Signal Theory 

By John L. Stewart. 1960, McGraw-Hill 
Book Company, Inc., New York, N. . A 346 
p., 61/4 X 9'/4in., bound. $9. This book is 
concerned with the mathematical concepts 
and techniques of value in the analysis of 
linear and time-variant physical systems. 
Extensive consideration is given the steady 
state interpreted through the pole-zero diagram 
in the first five chapters. Operational meth- 
ods are introduced in chapter 6, and subse- 
quently concepts in Laplace and Fourier 
transforms are considered with the aid of 
techniques of contour integration. 


Handbook of Laplace Transformation 

By Floyd E. Nixon. 1960, Prentice-Hall, 
Inc., Englewood Cliffs, N. J. 115 p., 5'/2 X 
81/,in., bound. $6. The first two sections of 
this handbook deal with determinants, root- 
finding methods, and Routh’s criterion. 
Section 3 contains the derivation of many 
Laplace transform theorems. Section 4 de- 
scribes identities, section 5 illustrates by exam- 
ples the use of the Laplace transform method, 
and the final section is an extensive table of 
Laplace transform pairs. 


MAY 1961/ 121 


: 
| 
q 
| 
| 
a 
— 
ag 
i 


Centennial of Land-Grant Education in the United States’ 


Tue year of 1962 will be the One- tant educational adventure, the American ous kinds during the latter half of 1961 
Hundredth Anniversary of the Land- Association of Land-Grant Colleges and and throughout 1962. Richard A. Har- 
Grant Act in the United States and, in Universities will observe the anniversary vill, president of the University of Ari- 
commemoration of this extremely impor- through programs and activities of vari- zona, is Chairman of the Centennial Steer- 
ing Committee of the Association, 

The Land-Grant Act, or as it is called 
sometimes, ‘“The Morrill Act,’’ was ini- 
tiated by Congressional action in 1862 
during the turmoil of the Civil War and 
was signed into law by President Lincoln 
on July 2, 1862. Its purpose was to pro- 
vide for ‘the endowment, support, and 
maintenance of at least one college Cin 
each state) where the leading object shall 
be, without excluding other scientific and 
classical studies, and including military 
tactics, to teach such branches of learning 
as are related to agriculture and the me- 
chanic arts ..in order to promote the 
liberal and practical education of the in- 
dustrial classes in the several pursuits and 
professions in life.’ To accomplish this 
purpose under the specific terms of the 
act, each state received a grant of Federal 
land apportioned on the basis of 30,000 
acres for cach member of Congress. Thus 
a system of education was established 
whereby important changes were 
achieved in education in the United 
States. 

How It All Started. The Land-Grant 
movement was not begun primarily by 
educators, but by hard-headed, practical 
people who wanted service that the then- 
existing colleges and universities did not 
render. Early private colleges in the 
United States served a relatively small 
group, like those who wanted to be law- 
yers, physicians, ministers, and teachers, 
and those who wished to enjoy more 
abundantly the life of cultural 
ease, 

Hence the Land-Grant Act was an in- 
novation whereby the advantages of 
higher education would be placed within 
the reach of all Americans. It undertook 
to do this by giving Federal land to the 
states of the Union, so that their univer- 
sities and colleges could be endowed with 
sufficient capital to develop the technolo- 


d 


Tet 


1 By J. D. Forrester, Dean, College of Mines, 
University of Arizona, Tucson, Ariz. 
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gies of subject fields, such as those of agri- 
culture, engineering, and science. 

Although at least three men, namely: 
Jonathan B. Turner, Thomas G. Clemson, 
and Justin S. Morrill, in addition to Presi- 
dent Lincoln, played roles in the develop- 
ment of what eventually became known 
as the Land-Grant Act, its leading propo- 
nent and most vigorous advocate was 
Morrill of Vermont. 

Benefits Accrue. The pronounced bene- 
fits of the original Land-Grant Act have 
been improved and sustained by sev- 
eral constructive legislative amendments 
and by continued financial support. 
Also, consistent implementation of the 
principles of the movement has been ac- 
complished largely through the interests 
given to it officially since 1885 by the 
American Association of Land-Grant Col- 
leges and Universities. 

Land-Grant Institutions. Dispersed 
throughout the United States, today 
Land-Grant institutions number 68. 
These educate approximately one out of 
every five students enrolled in all the col- 
leges in the Nation. Although Land- 
Grant schools comprise only 5 per cent of 
all colleges in the United States, they en- 
roll more than 20 per cent of the students; 
they grant more than 40 per cent of all 
doctoral degrees; they confer approxi- 
mately 50 per cent of the doctorates in 
science, engineering, and the health pro- 
fessions, and virtually all degrees in agri- 
culture, as well as 25 per cent of the de- 
grees in the arts, languages, business and 
commerce, and in the field of teacher prep- 
aration. The Land-Grant colleges con- 
duct the world’s largest off-campus educa- 
tional programs and they have pioneered 
in rescarch and the advancement of sci- 
ence and industrial technologies, and 
therefore, as a group, they have been ma- 
jor factors in causing the high rate of 
productivity in the United States. The 
Land-Grant schools furnish nearly half 
of the Nation's reserve officers for mili- 
tary service and, in so doing, they are rec- 
ognized as the bulwarks of the civilian- 
military relationship in our democracy. 

The curriculums in these colleges con- 
stitute a virtual spectrum of learning and 
the measurable benefits in dollars and 
cents to the American people of the in- 
struction and research done in Land- 
Grant schools annually exceed by many 
times the total amount expended on these 
institutions. 

Anniversaries—A Time for Assessment. 
Anniversaries are events when we can 
note achievements of the past and, also, 
they are occasions when we should assess 
the portents of the future. Therefore 
the American Association of Land-Grant 
Colleges and Universities is not proposing 
to observe the One-Hundred Anniversary 
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aspect of reality. 


~—Engineering and Education— 


ENGINEERING is a profession. Its members do creative work which results in 
things that people need or want. These things may be highways, submarines, 
interplanetary vehicles, antibiotics, or television. Science, on the other hand, 
is a search for knowledge. The science of mathematics extends abstract 
knowledge. The science of physics extends organized knowledge of the physi- 
cal world. In each of these consideration can be limited to a carefully isolated 


The engineer must deal with reality in all its aspects. He must not only be 
competent to use the most classical and the most modern parts of science, but he 
must be able to devise and make a product which will be used by people. More- 
over, he must assume professional responsibility in so far as the safety and well- 
being of people are affected by the thing he makes 

A sound program which majors in engineering or one of its branches—civil, 
mechanical, chemical, etc.—will be the most stimulating and rewarding under- 
graduate experience for the great majority of candidates for engineering. They 
will find in it not only the science of the modern physicist, but also the other 
kinds of science—for example, fluid mechanics, or electric-circuit theory—which 
the engineer uses and develops as incisive means for resolving the complex prob- 
lems of the real world. Such a program grows out of an educational environ- 
ment created by men in contact with the world of people and industry which 
serves the people. It will include attention to the furtherance of many parts of 
science which are of special interest to the engineer. 

Engineering education is being urgently called upon to produce graduates 
well versed in rapidly advancing science who will lead industry and the public 
into the new world which engineering will make possible. Engineers will often 
discover in science through their own research and invention or through the 
findings of scientists those things which can be put to human use. In any 
engineering achievement, however, the thing produced is the objective, and all 
means available to the intellect of man will be employed to reach that objec- 
tive. Science and its application remain a part, but only a part, of any great 
engineering advance. Supersonic aircraft could have been devised and made 
only by engineers with great resources in science. In order to make the first 
supersonic airplane, however, science had to be combined with the engineer's 
drive toward creation of a predetermined object. Young people who can re- 
spond to this kind of challenge are needed now, but they will be needed as 
never before in the years ahead.—C. S. Draper, Fellow ASME; J. H. Keenan, 
Fellow ASME; T. K. Sherwood, Mem. ASME; and J. B. Wilbur. 


~ This Statement was prepared by a Committee of the School of Engineering, Massa- 
chusetts Institute of Technology, March, 1961. 


Year only by complacently spending time 
in analyzing the past accomplishments. 
It will devote much of its interests to 
intensive studies of ways and means 
whereby higher education can meet its 
future responsibilities and opportunities. 
These will be carried on in a systematic 
way both on a national level and by indi- 
vidual programs in each state. 

The purposes of the centennial may be 
summed up briefly as follows: 

1 To build public understanding of 
the Land-Grant college and university 
movement, especially as this may con- 
tribute to solving present problems and 
meeting future needs of the whole of 
American higher education. 

2 To assess and evaluate the work the 
Land-Grant institutions are now doing 
toward the end that they may identify 
more clearly their special responsibility 
to the American people and the world 
during their second century of service. 


It is wholly fitting that we review here 
these matters as they obtain to mechani- 
cal engineering and to the engineering 
profession, in general. This is because 
the goals set by the Land-Grant Associa- 
tion have particular significance to the 
maintenance of all phases of engineering 
education in the United States. That is, 
only through the channels of learning 
which are, and will be, available in 
Land-Grant schools will it be possible to 
train the sufficient engineers who will be 
needed to advance the welfare of the 
United States during the future when 
applied science and engineering undoubt- 
edly will continue to play ever-increasing 
roles in sustaining the development of 
our American civilization. 

It is recommended, therefore, that 
members of the mechanical-engineering 
profession, as well as all engineers, 
support the purposes and objectives to 
which the Centennial is dedicated. 
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MEETINGS 
OF OTHER 
SOCIETIES 


@ IN THE UNITED STATES 


May 11 
Air Force Office of Scientific Research (AFO- 
SR), lecture and banquet in honor of the 80th 
anniversary of Theodore von Karman, Mem. 
ASME, managed by the Institute of the Aero- 
space Sciences, Sheraton Park Hotel, Washing- 
ton, D. ¢ 
May 15-16 

Society of American Military Engineers, an- 
nual meeting, Mayflower Hotel, Washington, 
aC. 


May 15-17 
National Academy of Sciences, spring confer- 
ence, Shoreham Hotel, Washington, D. C. 
May 22-24 
National Telemetering Conference, sponsored 
by ISA, AIEE, the American Rocket Society, 
IRE, and the Institute of the Aerospace Sci- 
ences, Hotel Morrison, Chicago, III. 
May 22-24 
American Society for Quality Control, annual 
convention and exhibition, Sheraton Hotel, 
Philadelphia, Pa. 
May 22-26 
American Society of Tool and Manufacturing 
Engineers, annual engineering conference and 
exposition, Statler Hotel and the New York 
Coliseum, New York, N. Y. 
May 25-26 
American Institute of Mining, Metallurgical 
and Petroleum Engineers, annual Rocky Moun- 
tain petroleum sections joint meeting, Salt 
Lake City, Utah 
May 25-26 
Operations Research Society of America, meet- 
ing, Sheraton-Blackstone Hotel, Chicago, III. 
June 1-2 
ASA, 15th annual spring meeting of the Com- 
pany Member Conference, Pick-Congress 
Hotel, Chicago, Ill. 
June 4-8 
American Nuclear Society, annual meeting, 
Penn-Sheraton Hotel, Pittsburgh, Pa. 
June 4-9 
American Water Works Association, annual 
conference, Municipal Auditorium, Detroit, 
Mich. 
June 4-9 


SAE, summer mecting, Chase-Park Plaza 
Hotel, St. Louis, Mo. 


June 5-7 


Edison Electric Institute, annual convention, 
Waldorf-Astoria Hotel, New York, N. Y. 


June 5-9 
Society of the Plastics Industry, national plas- 
tics exposition and conference, Commodore 
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Hotel and New York Coliseum, New York, 
N. Y. 

June 11-15 
Air Pollution Control Association, annual 
meeting, Hotel Commodore, New York, N. Y. 
Air Pollution Instrumentation Symposium, 


June 12 CISA and APCA 


June 12-16 


Ninth Annual Technical Writers’ Institute, 


Rensselaer Polytechnic Institute, Troy, N. £. 


June 13-16 
IAS/ARS joint mid-year meeting, Ambassador 
Hotel, Los Angeles, Calif. 


e@ IN EUROPE 
May 15-19 


The Institute of Fuel, conference on waste heat 
recovery from industrial furnaces, Bourne- 
mouth, England 


June 9-17 
European Convention of Chemical Engineering 
and ACHEMA 1961, Frankfurt am Main, 
Germany 

June 20-24 


Fourth International Powder Metallurgy Con- 
gress, Reutte, Tyrol, Austria 


June 26-July 1 
Second International Measurement Conference 
(IMEKO), Engineering Societies Building, and 
separately organized international measure- 
ment conference, Budapest, Hungary 


July 30-August 6 
International Symposium on the Durability of 
Concrete, prepared by the Czechoslovak 
Academy of Sciences, Institute of Theoretical 
and Applied Mechanics, within the framework 
of The Permanent Committee of Réunion 
Internationale des Laboratoires d'Essais et 
de Recherches sur les Matériaux et les Con- 
structions (RILEM); to be held in Prague. 


August 21-31 
United Nations Conference on New Sources of 
Energy; and an industrial-commercial exhibi- 
tion of equipment showing developments in 
solar, wind, and geothermal energy fields, 
organized by Rassegna Internazionale Elet- 
tronica, both in Rome, Italy 
August 23-26 
Institute of Management Sciences, eighth 
annual international mecting, Palais des 
Congres, Brussels, Belgium 
November 16-25 
Hungarian Scientific Society for Mechanical 
Engineering, international festival of scientific 
and technical films for mechanical engineering, 
Budapest, Hungary 
iN CANADA 
April 17-19 
Canadian Institute of Mining and Metallurgy, 
annual meeting, Chateau Frontenac Hotel, 
Quebec City, Que. 
June 6-8 


ISA, summer instrument-automation confer- 
ence, Royal York Hotel and Queen Elizabeth 
Hall, Toronto, Ont. 


October 19-November 7 
The Iron and Steel Institute, special meeting 
in the U. S. and Canada 

e@IN JAPAN 


November 6-11 
Society of Chemical Engineers, Japan, 25th 
anniversary congress exhibition, Sankei Hall, 
Tokyo, Japan 
(For ASME Coming Events, see page 142.) 


Man of The Year. StrepHEeN D. Mox ey, 
Fellow ASME, president of American 
Cast Iron and Pipe Company, has been 
chosen the Man of the Year for 1960 in 
Birmingham, Ala. He also was voted 
one of four of the most outstanding men 
of Birmingham for all time in the 1960 
Metropolitan Audit, conducted by the 
Southern Institute of Management. 

Man of Several Terms. Raymonp R. 
Tucker, Fellow ASME, has been re- 
elected to a third term as mayor of St. 
Louis, Mo., winning by a resounding 
margin over his Republican opponent. 
With an unusually heavy voter turnout, 
Mr. Tucker led by 67,440 to 39,837. 

Honors and Awards. THropoRE voN 
Karman, Mem. ASME, has been named by 
The Institution of Mechanical Engineers 
to receive the 1961 James Watt Inter- 
national Medal for his important con- 
tributions to the advancement of me- 
chanical engineering science, particularly 
in the field of aeronautics. Dr. von 
Karman’s nomination for the award was 
sponsored by ASME, which honored 
him in 1941 with the ASME Medal, and 
in 1958 with the Timoshenko Medal. 
He will receive the James Watt Medal at 
an institution mecting later in the year. 

Gorpon B. Carson, Mem. ASME, re- 
ceived the highest citation of the Ohio 
Society of Professional Engineers on 
March 18 at the society's convention in 
Dayton, Ohio. He was cited for his 
untiring efforts to promote the profes- 
sional welfare of the engineer, his 
eminence as an educator and administra- 
tor in engineering, and his leadership as 
an engineer in public service. He is 
vice-president of business and finance and 
professional industrial engineering at 
Ohio State University. 

V. Kanter, president of the 
Illinois Bell Telephone Company, Chi- 
cago, received the 1960 Washington 
Award March 2, 1961, at a dinner in 
Chicago, Il. 
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United 
Engineering 
Center 


Columbus Over the Top 


Tue Columbus Section affirms its be- 
licf in ASME. By action of its Execu- 
tive Committee it pledged $1355 to the 
UEC, the amount necessary to meet its 
quota. One third was paid with the 
pledge, the balance will be carned and 
paid by the Section from its local activi- 
tics. Our hat’s off to Columbus and 
welcome to the 100 per cent club. 

We know that other Sections have 
made contributions, but to the best of our 
knowledge this is the first of its kind at 
this critical period in our campaign. 
Eighteen Sections are less than $1000 
short of their quota. Nineteen have 
achieved 80 per cent or better. The 
Columbus action could well be reviewed 
by all of them. 

Forty-seven Sections improved their 
position in March. How about the 
other 52? We need help from everybody 
to finish this job. 

Greenville continues to show good 
improvement, and Piedmont-Carolina 
tops the 90 per cent mark. Not much 
question that both will reach 100 per 
cent shortly. Will Greenville, with 
$402 to go, make the grade ahead of its 
neighbor with $468 to go? 

New London jumped its achievement 
13.6 per cent and its member participa- 
tion by 5 per cent. Gulf Coast reached 
90 per cent of quota and increased member 


ASME Member Gifts Campaign as of March 31, 1961 


In Order of Quota Deficit in Dollars 


Fort Wayne 9 
No. Ala.-Miss. 100 
Cleveland 185 
Gulf Coast 186 
New London 289 
St. Louis 387 
Greenville 402 
Mid-Hudson 463 
Piedmont-Carolina 468 
Rock River Valley 499 
Nebraska 508 
Milwaukee 594 
lowa-lillinois 655 
Miami 752 
Central Kansas 853 
Paducah 860 
C.S.R.A. 963 
Utah 972 
More Than a $1,000 
Minnesota 1,005 
Rochester 1,007 
Idaho-Montana 1,067 
Palm Beach 1,090 
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participation by 11 per cent. Shows 
what can be done when you contact the 
individual member. Excellent showing 
in both cases. ict 

St. Louis turned in a fine contribution 
from local industry. It is now just $387 
short of its goal. If this Section can 
boost its member participation well 
above the present 30.6 per cent, achieve- 
ment of its quota would be almost 
automatic. How about a little work 
with the local Section members to help 
close this gap? 

Last December, somebody canceled a 
$10 pledge made through the Fort Wayne 
Section. This action dropped them $9 
below 100 per cent quota. Does no one 
in Fort Wayne have another $10 pledge? 
Make it $25, to put this Section back over 
the top. It was a year ago this April 
that the last pledge was received from 
here. Where is Operation Second Wind? 
Get back that $10, and ninety more to 
keep it company. 

North East Florida has been coming 
along well lately. We can look for 
action in Washington, D. C., shortly, 
and Syracuse should make good progress 
this spring. Northern New England is 
stirring now that the snow and ice have 
gone. 

$40,000 to go. With everybody behind 
the effort, we can make it an easy job. 


Central Michigan 1,119 
E. Virginia 1,152 
N. E. Florida 1,155 
Kansas City 1,165 
Susquehanna 1,223 
Savannah 1,324 
Mexico 1,336 
Syracuse 1,400 
Mohawk Valley 1,403 
Toledo 1,404 
Pittsburgh 1,544 
Akron 1,626 
New Haven 1,743 
Oregon 1,790 
Delaware 1,843 
Arizona 1,944 
More Than $2,000 
E. Tennessee 2,053 
Centra! Pa. 2,125 
W. Mass. 2,296 
E. No. Carolina 2,311 
Central Illinois 2,557 
Central Va. 2,581 
Arklatex 2,622 


United Engineering Center is 
fast reaching completion. 
Early in April it looks like this. 


New Mexico 2,776 
Louisville 2,800 
Virginia 2,893 
Florida 2,969 
St. Joseph Valley 3,039 
W. Washington 3,297 
No. New England 3,700 
Mid-Continent 3,975 
Chattanooga 4,239 
Baltimore 4,264 
Buffalo 4,780 
Rocky Mountain 4,839 
New Orleans 6,170 
Hartford 6,895 
Chicago 6,911 
Ontario 6,916 
Mid-Jersey 7,583 
Boston 7,881 
So. Texas 8,720 
No. Texas 9,235 
Washington 9,430 
More Than $10,000 
San Francisco 14,060 
Philadelphia 18,704 
Los Angeles 35,467 
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_ ASME Summer Annual Meeting Offers a Vigorous 


Tue Los Angeles Section of the ASME 
will be the Host Section to the 1961 
Summer Annual Meeting, June 11-14, 
at the Statler Hilton Hotel, Los 
Angeles, Calif. 

Technical Program Covers Many Fields. 
An interesting and informative technical 
program will cover the varied fields of 
mechanical engineering. Thirty-six ses- 
sions, including panel discussions, are 
being sponsored by 13 Professional Divi- 
sions and Groups. Subjects: Automatic 
control, fuels, heat transfer, human fac- 
tors, machine design, management, 
materials handling, nuclear engineering, 
petroleum, process industries, production 
engineering, safety, and solar energy will 
have comprehensive coverage. Two 
sessions will be devoted to the Student 
Member Competition at which the 
winners from the 12 Regional Student 
Conferences will present their papers 
before the Society's members and guests. 

Feature Events. To encourage fellow- 
ship and the renewal of acquaintance- 
ships, the Los Angeles Section will host 
an ‘Early Bird’’ Reception Sunday after- 
noon. 

The President’s Luncheon on Monday 
will be highlighted by an address by 
ASME President William H. Byrne. 


The Summer Annual Business Meeting of 
the Society will be held, as usual, at 
4:45 p.m. on Monday and all members 
are urged to attend. Buses will leave 
from the Statler Hilton at 6:30 p.m., 
Monday for a tour of Disneyland. 

The Management Luncheonon Tuesday 
will feature an address by Dean Darrell 
Holmes of San Diego State College. His 
talk will be ‘‘Fitting Round Pegs Into 
Square Holes."’ Tuesday evening's 
agenda consists of gthe Social Hour, 
sponsored by the Los Angeles Section, 
followed by the Summer Annual Ban- 
quet. 

Details on the inspection trips and the 
activities planned for the women will 
be found in the body of the program 
which follows. 


SUMMER ANNUAL 
BANQUET 
B TUESDAY, JUNE 13 


PRESIDENT’S 


LUNCHEON 


L MONDAY, JUNE 12 12:15 p.m. 
Address by: William H. Byrne, President, ASME 


MONDAY, JUNE 12 9:30 a.m. 
Operations Research Study of Steam-Power 
Plant Automation,' by J. AK. Dillard, Westing- 
house Elec. Corp., and J. L. Everett, III, Phil- 
adelphia Elec. Co 
Aspects of Power-Plant Automation,' by Mena- 
chem Birnbaum, Westinghouse Elec. Corp., 
George Kotnick, Philadelphia Elec. Co., and D. 
M. Sauter, Westinghouse Elec. Corp. 

Dynamic Representation of a Large Boiler-Tur- 
bine Unit,'! by J Daniels, Philadelphia Elec. 
Co., Mark Enns, Westinghouse Elec. Corp., and 
R. D. Hottenstine, Combustion Engrg., Inc 

Field Testing to Verify a Dynamic Model,' by 
H. G. Dallas, Philadelphia Elec. Co., and D. M. 
Sauter, Westinghouse Elec. Corp. 


FUELS 


SESSIONS 
1 WEDNESDAY, JUNE 14 9:30 a.m. 


Porous Media Combustion,' by R. 7. FElling- 
ton, Inst. of Gas Tech 


7:00 p.m. 


1 Paper not available—see box on this page. 


Study and Pleasure Program 


Development of a Combination Liquid and Gas- 
Fuel Burner System for Thermoelectric Genera- 
tors, by Larry Selwitz, Westinghouse Elec. 
Corp. 

Flame Stabilization in a Boundary Layer Over a 
Cooled Surface,' by R. J. Heinsohn and J. E. 
Lay, Michigan State Univ. 


2 WEDNESDAY, JUNE 14 2:30 p.m. 


Application of Burner Safety Supervise Con- 
trols to Existing Gas-Fired Central Station 
Boilers,' by C. J. Henne, City Public Service 
Board, San Antonio, Texas 


The Use of Natural Gas in Open Hearths,' by 
E. R. Gardner, The Ohio Valley Gas Co. 


HEAT TRANSFER 


SESSIONS 


1 MONDAY, JUNE 12 9:30 a.m. 
Panel Discussion: Status on Energy 
Conversion 

Photovoltaic Effects,? by P. A. Iles, Hoffman 
Electronics Corp. 


2 Not to be printed. 


Availability of Papers 


Onty numbered ASME papers 
in this program will be available 
in advance of the meeting. Most 
papers will be available at the 
meeting and in separate copy form 
until April 1, 1962. The final 
listing of available technical papers 
will be found in the issue of 
Mecuanicat ENGINEERING which 
contains an account of the mect- 
ing. Prices are 5O cents to 
members of ASME; $1 to nonmem- 
bers, plus postage han- 
dling charges. Payment also may 
be made by free coupons, or cou- 
pons which may be purchased 
from the Society in lots of ten at 
$4 to members; $8 to nonmembers. 
You can save the postage and 
handling charges by including 
your check or money order and 
sending both to: ASME Order De- 
partment, 29 West 39th Street, 
New York 18, N.Y. Papers must 
be ordered by the paper numbers 
listed in this program, otherwise 
the order will be returned. 
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Fue) Cells,' by George Evans, Nat’l Carbon Co. 
Magnetohydrodynamic Electrical Power Gener- 
ators,? by M. E. Talaat, The Martin Co. 
Thermoelectrics,? by P. Miller, Gen. Atomics, 
Div. of Gen. Dynamics Corp. 

Thermionic Emission,’ by R. Pidd, Gen. Atomics 
Div. of Gen. Dynamics Corp. 


2 MONDAY, JUNE 12 2:30 p.m. 


Therma! Radiation Characteristics of Cylindrical 
Enclosures, by E. M. Sparrow, Univ. of Minne- 
sota, L. U. Albers, NASA, Lewis Res. Center, and 
E. R. G. Eckert, Univ. of Minnesota. (Paper No. 
61—SA-23) 

Techniques for Optimization of a Finned-Tube 
Radiator, by L. H. Schreiber, R. P. Mitchell, G. 
D. Gillespie, and T. M. Olcott, Convair, Div. of 
Gen. Dynamics Corp. (Paper No. 61—SA-44) 
Heat Transfer by Simultaneous Conduction aad 
Radiation in an Absorbing Medium, by Raymond 
Viskanta, Argonne Nat. Lab., and R. J. Grosh, 
Purdue Univ. (Paper No. 61—SA-34) 


3 TUESDAY, JUNE 13 9:30 a.m. 


Heat Transfer for Pulsating Laminar Duct Flow, 
by Robert Siegel and M. Perlmutter, NASA, Lewis 
Research Center. (Paper No. 61—SA-28) 
Measurements of Diabatic Flow in an Annulus 
With an Inner Rotating Cylinder, by K. 
Becker, Swedish AEC, Stockholm, Sweden, and 
Joseph Kaye,M.1.T. (Paper No. 61—SA-19) 
The Infiuence of a Radial Pie Gradient 
on the Instability of Fluid Flow in an Annulus 
With an Inner Rotating Cylinder, by K. M. 
Becker, Swedish AEC, Stockholm, Sweden, and 
Joseph Kaye,M.1.T. (Paper No. 61—SA-20) 
Forced Convection Heat Transfer From a Uni- 
formly Heated Sphere, by W. S. Brown, Utah 
R&D Co., C. C. Pitts and George Leppert, Stan- 
ford Univ. (Paper No. 61—SA-26) 


a TUESDAY, JUNE 13 2:30 p.m. 


Laminar Flow Heat Transfer for Variable Physical 
Properties, by L. B. Koppel, California Inst. of 
Tech, and J. M. Smith, Northwestern Univ 
(Paper No. 61—SA-32) 

Analysis of Film Boiling on Vertical Surfaces, by 
J.C. Y. Koh, Boeing Airplane Co. (Paper No. 
61—SA-31) 

The Effect of Subcooled Liquid on Laminar Film 
Boiling, by E. M. Sparrow, Univ. of Minnesota, 
and R. D. Cess, North Carolina State Coll. 
(Paper No. 61—SA-29) 

Entrance Effects in a Two-Phase oo Flow, by 
Raphael Moissis and Peter Griffit M.L.T. 
(Paper No. 61—SA-30) 


5 WEDNESDAY, JUNE 14 9:30 a.m. 


Transient, Laminar, Combined Free and Forced 
Convection in a Duct, by W. K. Mueller, New 
York Univ., and S. L. Zetberg, City Coll. of New 
York. (Paper No. 61—SA-25) 
The Development of Free Convection Between 
Heated Vertical Plates, by J. R. Bodoia, Westing- 
house Elec. Corp., and Fletcher Osterle, Carnegie 
Inst.of Tech. (Paper No. 61—SA-33) 
Velocity and Temperature Profiles in Turbulent 
Boundary Layers With Tangential Injection, by 
A. Seban and L. H. Back, Univ. of California. 
(Paper No. 61—SA-24) 
Thermocouple Temperature Disturbances in 
Low Conductivity Materials, by J. V. Beck, AV co 
Corp. (Paper No. 61—SA-27) 


HUMAN FACTORS 
SESSIONS 


1 MONDAY, JUNE 12 9:30 a.m. 
Jointly With Human Factors Society 


Allocation of Functions Between Man and Ma- 
chine in Automated Systems,' by Nehemiah 
Jordan, Rand Corp 

The Role of Simulation in the Design of Man- 
Machine Systems,' by H. L. Wolbers, Jr., Doug- 
las Aircraft Co., Inc 

Man-Machine Steering Dynamics,' by J. G. 
Wohl, Dunlap & Assoc., Inc. 


2 MONDAY, JUNE 12 2:30 p.m. 
Jointly With Human Factors Society 


The Life Sciences as a Base for Engineering In- 
struction and Practice Paralleling the Physical 
Sciences,' by L. M. K. Boelter, Univ. of Cali- 
fornia 

! Paper not available—see box on page 126 

2 Not to be printed 


Sunday, June 11 
Monday, June 12 
Tuesday, June 13 
Wednesday, June 14 


Registration Schedule 


3:00 p.m. to 6:00 p.m. 
8:00 a.m. to 3:00 p.m. 
8:00 a.m. to 3:00 p.m. 
8:00 a.m. to 12:00 noon 


MECHANICAL ENGINEERING 


Human Factor Standards in Engineering De- 
sign,' by E. J. Merrick, Gen. Elec. Co 

Human Factors in Mechanical Design of Dental 
Operating-Room Equipment,' by S. S. Golden, 
a School of Dentistry; Dental Equipment 
Mfgrs. 


MACHINE DESIGN 


SESSIONS 


MONDAY, JUNE 12 9:30 a.m. 
Jointly With Production Engineering 
See Production Engineering 1 


MONDAY, JUNE 12 2:30 p.m. 
Jointly With Production Engineering 
See Production Engineering 2 


1 WEDNESDAY, JUNE 14 9:30 a.m. 


The Superposition of Stress Concentration Fac- 
tors, by F. W. Paul, Jr., Mixing Equipment Co., 
Inc., and 7. R. Faucett, Univ. of Missouri, School 
of Mines & Metallurgy. (Paper No. 61—SA-5) 
Thermal Stresses in Spherical Case-Bonded 
Propellent Grains, by B. W. Shaffer, New York 
Univ., and Irvin American-Standard. 
(Paper No. 61—SA-1 

Zero-Shift in Subjected to Me- 
chanical Vibrations,' by D. A. Conrad, Inst. of 
Tech. of Darmstadt, Inst. for Applied Mech., 
Darmstadt, Germany, and D. G. Shellhorn, 
Hughes Aircraft Cu. 

Surface Durability Ratings of Spiroid Gears, 
by W. D. Nelson, Mlinois Tool Works. (Paper 
No. 61—SA-1) 

Maximum Stresses in Beams and Plates Vi- 
brating at Resonance,’ by E. E. Ungar, Bolt 
Beranek & Newman, Inc. (Paper No. 61—SA-14) 


4 WEDNESDAY, JUNE 14 2:30 p.m. 


Constant Diameter Cams, Their Properties and 

Design Characteristics, by Karl Brunell, Bell & 

Howell Co. (Paper No. 61—SA-2) 

On the Variety of Motions Generated by Mech- 

anisms, by Ferdinand Freudenstein, Columbia 

Univ. (Paper No. 61—SA-3) 

Synthesis of Rectilinear Motion by 
armonic Function Generators, by 

Shaffer, New York Univ., and Irvin Ra. 

American-Standard. (Paper No. 61—SA-4) 

On the Kinematics of Rubber-Covered Cylinders 

Rolling on a Hard Surface,';* by G. N. Sandor, 

Huck Co., Consulting Engrs. 


MANAGEMENT 
SESSIONS 


1 TUESDAY, JUNE 13 9:30 a.m. 
A Philosophy of Management,' by W. E. John- 
son, Gen. Elec. Co. 

Engineering Malpractice,: by L. Tunis, 
attorney-at-law and consulting engineer, New 
Orleans, La. 


TUESDAY, JUNE 13 9:30 a.m. 
Jointly With Safety 
See Safety 3 
L TUESDAY, JUNE 13 12:15 p.m. 


Management Luncheon 
Presider: Marshall Anderson, Gen. Elec. Co., 
Bloomington, Ill 
Speaker: Darrell Holmes, San Diego State Coll., 
San Diego, Calif. 
Subject: Fitting Round Pegs Into Square Holes 


3 Not presented orally. 


2 TUESDAY, JUNE 13 2:30 p.m. 
Selling Engineering to Management,' by D. E£, 
Farr, H. B. Maynard & Co., Inc 

Imagination in Managment,' by A. L. Logan, 
California Investors, Inc. 

Planning in a Specialty Business,' by George 
Gregory, Products Research Co. 


3 WEDNESDAY, JUNE 14 9:30 a.m. 
The Factors Behind Business Success,? by C. W. 
Randle, Booz, Allen & Hamilton 

Critical Path Scheduling,! by A. W. Barkson, 


The Influence of Development Objectives Upon 
Production Costs,' by D. K. Richardson, Hughes 
Aircraft Co. 


MATERIALS HANDLING 
‘SESSIONS 


1 WEDNESDAY, JUNE 14 9:30 a.m. 
A One-Man Boom-Hoist System for Handling 
Citrus Fruit, by R. J. Smith and R. L. Perry, 
Univ. of California. (Paper No. 61—SA-10) 
Pitfalls in Air Conveying, by D. L. Burrell, U.S 
Industrial Chemicals Co. (Paper No. 61—SA-9) 
Tensions in Straight and Curvilinear Belt Con- 
veyers, by W. A. Winkler, Utah Construction & 
Mining Co. (Paper No. 61—SA-11) 


2 WEDNESDAY, JUNE 14 2:30 p.m. 
The Development of Protective Handling Systems 
for High-Reliability Components and Systems, 
by G. A. Peters, Autonetics. (Paper No. 61—SA- 
16) 

The Automation of a 40,000 Ton Per Day Ore- 
Handling Facility, by C. M. Marquardt, Industrial 
Physics & Electronics Co. (Paper No. 61—SA-8) 


NUCLEAR ENGINEERING 
SESSIONS 


MONDAY, JUNE 12 2:30 p.m. 
Jointly With Safety 
See Safety 2 
1 TUESDAY, JUNE 13 9:30 a.m. 


Compact Power 
Compact Mobile Nuclear Power Plants,' by A. 
Stathoplos, Nuclear Dev. Corp. of America, 
and A. B. Rosenthal, Gen. Motors Corp. 
Compact Reactor Development for Ground 
Nuclear Power Applications, by M. A. Rosen, 
T. W. McIntosh, and R. A. Du Val, AEC. (Paper 
No. 61—-SA-42) 
The ML-1 Mobile Nuclear Power Plant, by R. 
K. Swain, S. A. Varga, and J. C. Whipple, Aero- 
jet-General Corp. (Paper No. 61—SA-43) 
Summary of SNAP Nuclear Power Systems,' 
by E. B. Baumeister, Atomics International 


2 TUESDAY, JUNE 13 2:30 p.m. 


Reactor Power Equipment 


Design of Reliable and Economical Heat Ex- 
changers for Sodium Service, 
by R. D. Seifert and L. E. Phillips, Alco Products, 
Inc. (Paper No. 61—SA-41) 

Testing of a 3000-Kw (th) Liquid-Metal Model 
Steam Generator, by L. J. Webster, D. E. 
Fletchall, and Douglas Logan, Atomics Inter- 


national. (Paper No. 61—SA-46) 
Design and Testing of Sodium Pumps for the 
Hallam Nuclear Power Facility, by R. E. Ball 


and D. E. Cullman, Borg-Warner Corp., and R. 
W. Ats, North American Aviation, Inc. (Paper 
No. 61—SA-39) 

Erection and Precritical Testing of the \. S. 
Savannah Power Plant,' by C. W. Hasek, Jr., 
The Babcock & Wilcox Co 
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Revision of Constitution, By- 
Laws, and Rules 
To: Members of the ASME 


Upon authorization of the Coun- 
cil a few years ago, a subcommitte 


of the Constitution and By-Laws 

Committee was appointed ‘‘to 

consider and prepare a_ general 

revision of the Constitution, By- 

Laws, and Rules.’’ Messrs. G. 

M. Muschamp, Chairman, L. E. | 

Herbert and L. C. Smith who com- | 

prise the subcommittee, worked on | 

the revision for more than two 

years and it is now ready for sub- 

mission to the Council for action 

at its meeting in Los Angeles, 
| Calif., June 11-12, 1961. 

No substantive changes have 
been made but inconsistencies and 
duplications have been eliminated 
and, in particular, the form and 
| arrangement of the matter have 
| been revised. 

On the assumption that the 
| Council will make no changes in 
the revision, there will be a pre- | 
sentation at the Business Meeting 
in Los Angeles, June 12, 1961, by 
| the Constitution and By-Laws 
| Committee of proposed transposi- 
| tion of 14 Constitution items to 

By-Law status and the transposi- 
| tion of six By-Law items to Con- | 

stitution status. Copies of these 
| items will be available at the 
Business Meeting. After dis- | 
cussion and possible modification | 
| at the Business Mecting these 
| items will be mailed, about Aug. 
15, 1961, to the membership for 
letter-ballot action. 

A limited number of copies of the 
40-page revision is available upon 
request from the Secretary's office. 


PETROLEUM 
SESSIONS 


1 MONDAY, JUNE 12 2:30 p.m. 
New Fabricating Techniques 


Press Forming and Welding of Heavy Magnesium 
Plate, by R Matuszeski and A. J. Kish, ACF 
Industries, Inc. (Paper No. 61—SA-18 

Electron Beam Welding,’ by H. A. James, 
Sciaky Brothers 


2 TUESDAY, JUNE 13 9:30 a.m 


Fabrication Requirements for Balanced Classes of 
Piping,’ by H. S. Peterson and C. H. Voelker, 
The M. W. Kellogg Co 

A Comparison of United States, European, and 
British Commonwealth Codes for the Construc- 
tion of Welded Boilers and Pressure Vessels, by 
J. F. Lancaster, Kellogg International Corp., Lon- 
don, England (Paper No. t}1—-SA-40) 


' Paper not available—see box on page 126. 
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3 TUESDAY, JUNE 13 2:30 p.m. 


Protection of Cooling Water Piping Systems 
Against Seawater Corrosion, by Jan Goudriaan, 
Asiatic Petroleum Corp. (Paper No. 61—SA-36) 
A New Look at Pressure-Vessel Testing,' bd 
C. E. Lautzenheiser and F. B. Crouch, Jr., T 
Dow Chemical Co 

Use of Hard Carbide Components in Petrochemi- 
cal Processing,' by W. L. Kennicott, Kennametal, 
Inc. 


4 WEDNESDAY, JUNE 14 9:30 a.m. 


A New Approach to Digital Computer Solution 
of Gas Networks Based on Kirchhoff’s First Law, 
by M. A. Dengler and J. P. Siken, Arizona Public 
Service Co. (Paper No. §1—SA-13) 

Simulation of the Gas-Transmission Industry, by 
Edward Gordon, United Gas Corp. (Paper No. 
61—SA-12) 


5 WEDNESDAY, JUNE 14 2:30 p.m. 


Hydrodynamic Drag at Supercritical a 
Numbers,'! by Randolph Blumberg and 
Rigg, Humble Oil & Refining Co 

Effect of Prestrain on the Fatigue Properties of 
Steel, by J. F. Gormley, Reed Roller Bit Co. 
(Paper No. 61—SA-17) 

Engineering Considerations in Drilling From a 
Floating Vessel,' by R. F. Bauer, Global Marine 
Exploration Co 


PROCESS INDUSTRIES 
SESSIONS 


1 MONDAY, JUNE 12 9:30 a.m. 


Process Thermodynamics 
An Axial-Flow Porous Plug Apparatus, by R. C 
King, New York Univ., and J. H. Potter, Stevens 
Inst. of Tech. (Paper No. 61—SA-22) 
Cyclic Processes in Closed Regenerative Thermal 
achines, by 7. Finkelstein, Battelle Memorial 
Inst. (Paper No. 61—SA-21) 


2 MONDAY, JUNE 12 
Separation 
Inertial Impaction in Cyclone Separators, by 
M. H. Binark, Technical Univ. of Istanbul 
Taksim, Turkey, and S. P. Patel, Pennsylvania 
State Univ. (Paper No. 61—SA-35) 
Saturated Steam Reheater Applied in New 
Nuclear Power Station,' by F. W. Gettler and 
J. H. Potter, Stevens Inst. of Tech 


2:30 p.m. 


Official Notice 
ASME Business Meeting 


MONDAY, JUNE 12 4:45 p.m. 


Presiding: Wéilliam H. Byrne, 
President, ASME 

Announcement of Location of 1962 
Summer Annual Meeting 

Election of Nominating Committee 
for 1962-1963 

Amendments to Constitution and 
By-Laws asa Result of the Revision 
of the Constitution, By-Laws, and 


Rules 


| Report on United Engineering 


| 

| 
Center | 
Report on Unity of the Profession | 
This Business Meeting of the 
members provides an 
portunity for a free discussion 
of Society policies and proce 
dures. All members are urged 
to attend. 


MECHANICAL ENGINEERING 


TUESDAY, JUNE 13 9:30 a.m. 
Chemical Manufacturing 


Chemical Milling—Now a Precision Science,’ 
by J. E. Trankla, Anadite, Inc 


Closed Loop Control by Gas Chromatography,' 
by E. E. Escher, Consolidated Electrodynamics 
Corp. 


Use of Perlite as a Filter Aid,' by Paul Leppla, 
Great Lakes Carbon Co. 


PRODUCTION ENGINEERING 
SESSIONS 


1 MONDAY, JUNE 12 9:30 a.m. 
Jointly With Machine Design 


Forming, Trimming, and Edge Finishing of 
Molybdenum-0.5 per cent Ti. Sheet Material, 
by A. L. Pickrell, Boeing Airplane Co. (Paper No. 
61—SA-6) 

Machinability of Nodular Cast Irons—Part 2. 
Effect of Cutting Conditions on Flank Adhesion, 
by Katsundo Hitomi, Kyoto Univ., Kyoto, Japan, 
and G. L. Thuering, Pennsylvania State Univ. 
(Paper No. 61—SA-7) 


2 MONDAY, JUNE 12 2:30 p.m. 
Jointly With Machine Design 


Recent Developments in Explosive Metal- 
Fabrication Techniques,' by L. Zernow and Irving 
Lieberman, Aerojet-General Corp. 


Residual! Stresses in Explosively Formed Parts,' 
by E. K. Henriksen, Aerojet-General Corp. 


SAFETY 
SESSIONS 


1 MONDAY, JUNE 12 9:30 a.m. 


Panel Discussion: Safety Practices in 
Petroleum Industry 


Safety With E’s,? by W. J. Maynard, Union Oil 
Co. of California 


Manufacturing and Refining,’ by M. 7. Hamilton, 
Mobil Oil Refinery 


Transportation and Pipelines,? by J. G. Dridge- 
man, Shell Oil Co 


Marketing,? by A. R. Bowles, Texaco Corp. 


The Mechanical Engineer’s Responsibilities to 
Safety in the Petroleum Industry,’ by 
Parker, Humble Oil & Refining Co. 


2 MONDAY, JUNE 12 = 2:30 p.m. 


Jointly With Nuclear Engineering 


Panel Discussion: Safety Considerations 
for the Applications of Radioisotopes in 
industry 


Industrial Radiography,? by G. L. Locher, Western 
Radiation Lab. 


Testing and Quality Control,? by Philip Ohmart, 
Ohmart Corp 


Safety Aspects of the Use of Radioactive Materials 
in the Petroleum Industry,? by V. P. Guinn, 
Shell Dev. Co 


Weld Studies With Radioisotopes,? by R. VM 
Brown, Douglas Aircraft Co., Inc. 


3 TUESDAY, JUNE 13 9:30 a.m. 
Jointly With Management 
Panel Discussion: Mechanical Engineer 


in Safety Management 
Paper and Lumber Industry,” by J. F. Robertson, 
Crown Zellerbach Corp 
Objective-Frequency ‘‘O,’’? by R. W. Pett. 
J. S. Steel Corp 
Aircraft Industry,? by L. C. Pillsbury, Douglas 
Aircraft Co., Inc 


Automotive Industry,? by L. B. Wocholski, Gen 
Motors Inst. 


SOLAR ENERGY 
SESSION 


WEDNESDAY, JUNE 14 9:30 a.m. 
Solar Distillation 
Performance of a Solar Still, by C. R. Garrett, 


2 Not to be printed. 
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Open Hearings for 
ASME National Nominations 


Tue 1961 Nominating Commit- 
tee is to meet June 12-13, 1961, at 
the Statler Hilton Hotel in Los 
Angeles, Calif., during the Sum- 
mer Annual Meeting. The Nomi- 
nating Committee has scheduled 
open hearings so that members may 
speak in behalf of candidates for 
the office of President, Regional 
Vice-Presidents, and Directors. The 
schedule of these meetings is as 
follows: 


Monday, June 12 9:00 a.m. to 
12:00 noon 

1:30 p.m. to 
4:45 p.m. 

8:30 a.m. to 
12 :00 noon 


The Organization Meeting for 
the 1962 Nominating Committee is 
scheduled for Wednesday, June 14, 
at 9:30 a.m. 


Tuesday, June 13 


Puerto Rico 
(Paper No 


Univ. of Puerto Rico, 
and FE. A. Farber, Univ 
61—SA-38) 

Solar Distillation Research at the University of 
California, by FE. D. Howe and L. H. Mac Leod, 
Univ. of California. (Paper No. 61—SA-37) 

New Applications of Thermodynamic Principles 
to Solar Distillation, by ‘ Grune, 
Thompson, and R. A. Collins, Georgia Inst of 
Tech. (Paper No. 61—SA-45) 


Mayaguez, 
of Florida. 


STUDENT MEMBER 
COMPETITION 


1961 OLD GUARD PRIZE 
TUESDAY, JUNE 13 9:30 a.m. 


To help the young engineer bridge the gap be- 
tween college and professional life is the aim of the 
Old Guard Committee—organized 24 years ago 
to administer the voluntary contributions of 
many Dues Exempt Members. These funds pro- 
vide travel expense to selected Student Members 
and young Associate Members for attendance at 
national and regional meetings, and to assist the 
National Sunler Committee in various activities. 
A high light of the Old Guard program is a national 
Papers Contest which is held each year at the 
Summer Annual Meeting of the Society. The 
first prize winners of the competitions in the 12 
annual Regional Student Conferences are invited 
to participate in this event as guests of the Old 
Guard The Student Member judged to have 
presented the best paper will be awarded $150. 
In addition, he will receive an expense paid trip 
to the Winter Annual Meeting, this year in New 
York City, where he will re-present his paper 
before the Society members and receive his 
award from the President of the ASME 

The names of six winners from Regional 
Student Conferences will appear in the final 
program after selection has been determined at 
conclusion of the last Student Conference on 
May 5-6, 1961. 


2 TUESDAY, JUNE 13 2:30 p.m. 


The names of six additional winners from Re- 
gional Student Conferences will appear in the 
final program after selection has been determined 
at conclusion of the last scheduled Student Con- 
ference, May 5-6, 1961. 


MECHANICAL ENGINEERING 


WOMEN’S 
PROGRAM 


SUNDAY, JUNE 11 
Registration 
“Early Bird” Reception 


MONDAY, JUNE 12 
San Fernando Mission Tour and 
Luncheon 
President's Luncheon 
Tour of Disneyland 


TUESDAY, JUNE 13 


Huntington Library Tour and 
Luncheon at Huntington Sheraton 
Hotel 

WEDNESDAY, JUNE 14 


Marineland and Palos Verdes Area 
Tour and Luncheon 


INSPECTION 


3:00 p.m. 
4:00 p.m. 


12:15 p.m. 
6:30 p.m. 


‘TRIPS 
Ford Motor Company 


Ford Motor Company will host a tour at its 
Pico Rivera Facility on Monday, June 12. Built 


in 1956 on 200 acres of ground, the plant houses 
29.7 acres under roof. 

The plant is considered one of the most modern 
automobile assembly plants in the country and 
includes such things as more than 150 conveyers 
totaling more than 7 miles, facilities for 16 trucks 
and 36 railroad cars inside the building at one 
time, complete steam producing facility, and 
complete plant hospital. 


Beckman Instruments, Incorporated 


A tour of the Fullerton headquarters of Beck- 
man Instruments, Inc., will be made from 2:30 
to 4:30 p.m. , Wednesday, June 14 

Beginning with an orientation period, the after- 
noon will include guided tours of the Company’s 
research, engineering, and manufacturing facili- 
ties. Guides will be mechanical-engineering 
oriented. Tour groups will be limited to ten 
persons each to facilitate discussion. 

Founded in 1935, with the introduction of the 
first commercially available meter for the measure- 
ment of acidity or alkalinity of solutions, the 
Company now markets more than 400 different 
products, with annual sales exceeding $60 million. 

Situated on 67 acres with 450.000 sq ft under 
roof, the four divisions— Systems, Scientific and 
Process Instruments, Helipot, and Special 
Projects—will display many examples of the 
Company’s product lines. In addition to pH 
meters, visitors will see spectrophotometers, 
which employ precision optical means for rapid 
chemical analysis, helical potentiometers, atmos- 
phere monitoring and equipment, industrial 
process monitoring, and control equipment and 
data processing systems. 


ASME Mexico Postsummer Annual Meeting Tour 
Departing Los Angeles, June 15, 1961 


Tus year, ASME is planning an ex- 
citing addition to the Summer Annual 
Meeting program. Why not take your 
vacation at Summer Annual Meeting 
time and join a wonderful trip to Mexico. 
We will leave Los Angeles, June 15, and 
be in Mexico City a few hours later. 
From there you may choose between a 
seven-day program in cosmopolitan Mex- 
ico and a ten-day program which adds 
four nights in Acapulco. On June 21, 
you may fly directly to your home city, 
or better, be in Acapulco. Depart on 
June 24, for the return flight to Mexico 
City to connect with your flight home. 


Program I Includes 


Transfer from hotel to airport in Los 
Angeles; Jet flight from Los Angeles to 


Mexico City; All transfers and baggage 
handling; Six nights at Hilton Conti- 
nental Hotel, European Plan, including 
all gratuities; Sight-seeing tours of Mex- 
ico City, Xochimilco, bullfights, Guadal- 
upe, and the Pyramids; and gala wel- 
come cocktail reception at the hotel. 
All-inclusive price: $195 per person, 
double occupancy 


Program II Includes 
Five nights at the Continental Hotel 
and all other features of Program I. 
Limousine transfer from Mexico City 
to Acapulco, including lunch at the 
Vista Hermosa and an afternoon of 
shopping and sight-seeing at Taxco. 
Four nights at the Las Brisas, includ- 


ing two daily meals, hotel tips, and 
gratuities; and Return air transportation 
from Acapulco to Mexico City. 


All-inclusive price: $305 per person, 
double occupancy 


Remit Full Payment by May 20, 1961 
EMBASSY TOURS, INC. 


Group Sales Division 
147 West 42nd Street 
New York 36, N.Y. 


Enclosed is my check for $ 

(number of persons) as full payment for 
the ASME Postmeeting Holiday in 
Mexico. 


Check one: Single Room. . 
Double Room. 
Program I.... 


Program II.... 


wish Embassy 
to Los 


I do do not 
to afrange transportation 
Angeles and return. 


NAME.... 
ADDRESS. 


Please make checks payable to 
Embassy Tours 
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Heat-Transfer Engineers and Scientists to Meet at Boulder, 
Colo., for Second International Heat Transfer Conference 


Tue colorful campus of the University 
of Colorado at Boulder will be head- 
quarters for United States and foreign 
engineers and scientists attending the 
Second International Heat Transfer Con- 
ference. The five-day conference, Aug. 
28 to Sept. 1, 1961, will have approxi- 
mately 125 papers available for discus- 
sion on the general theme ‘‘New De- 
velopments in Theory and Practice."’ 
Nine sessions are scheduled at which the 
papers will be summarized in topical 
groups by reporters, followed by written 
and oral discussions from the floor. 

The sponsors and cohosts of the con- 
are The American Society of 
Mechanical Engineers and the American 
Institute of Chemical Engineers. The 
United Kingdom is represented by The 
Institution of Mechanical Engineers and 
The Institution of Chemical Engineers. 
Participating societies are the American 
Chemical Society; The American Nu- 
clear Society; the American Rocket So- 
the American Society of Heat- 
ing, Refrigerating and Air-Conditioning 
Engineers; The Chemical Institute 
of Canada; The Engineering Institute of 
Canada; the Institute of the Acrospace 
Sciences; and the Society of Automotive 
Engineers. Through the combined ef- 
forts of all these societies papers will be 
available for discussion from the U.S. A., 
U. K., Canada, Japan, USSR, France, 
Switzerland, Australia, Italy, Germany, 
Sweden, and other countries. 

Special Lectures. Four special lectures 
will be given during the conference. 
Owen A. Saunders, President of The 
Institution of Mechanical Engineers, will 
deliver the ASME Calvin Rice Lecture, 
‘Some Reflection on Progress in Engineer- 
ing Heat-Transfer Science."’ E. R. G. 
Eckert, University of Minnesota, will 
lecture on ‘Research During the Last 
Decade on Forced Convection Heat 
Transfer.’" E. A. Schmidt, Munich, 
West Germany, will lecture on ‘Heat 
Transfer by Natural Convection,’’ while 
H. C. Hottel, Mem. ASME, Massachu- 
setts Institute of Technology, will lec- 
ture on “‘Problems in Radiative Trans- 


port. 

A series of special events and activities 
have been planned by the local com- 
mittee starting with the Early Bird 
Party on Sunday. A Smorgasbord Din- 
ner, trip to Estes Park, and banquet are 
planned for later in the week. The 
Awards Luncheon on Wednesday will be 
the occasion for presenting the National 
Heat Transfer Conference Award to E. R. 
Quandt for his paper, “Analysis and 


ference 


ciety; 
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Measurement of Flow Oscillations,’’ pre- 
sented at the Buffalo Conference, August, 
1960. 

For the women the committee has ar- 
ranged for a Fashion Show at Monday's 
luncheon. This will be followed on suc- 
ceeding days by a trip to the Air Force 
Academy at Colorado Springs and _his- 
toric Central City. Visitors attending 
the conference who may wish to make 
other sight-seeing trips on their own 
will find numerous places of interest 
within easy driving distance. 

All who plan to attend the conference 
are urged to register in advance. Ad- 
vance registrants will receive, approxi- 
mately 30 days before the opening date, 
bound copies of all papers to be discussed. 
These will be bound in five books, one 
for cach day’s sessions. Full information 
on registration and advance program may 
be obtained by writing to ASME, 
Meetings and Divisions, 29 West 39th 
Street, New York 18, N. Y. 

The annual national ASME Heat 
Transfer Conference has been combined 
with this international conference. 


» MONDAY, AUGUST 28 


- Heat Conduction and 


Thermoelectric Effects 9:00 a.m. 


The Method of Finite Integral Transforms in 
Heat-Transfer Problems, S. Kaplan and G. 
Sonnemann, U.S. A. 

The Effect of Discontinuous Biot Number on the 
Temperature Distribution in Moving Slabs, G. 
Horvay, U.S 

Calculation of Unsteady Heat Conduction in 
Single-Layer and Composite Finite Slabs With 
and Without Property Variations by an en 
Integral Procedure, Kwang-Tzu Yang, A 
Lumping Errors of Analog Circuits for Heat Flow 
Through a Slab, D. G. Stephenson 
and G. P. Mitalas, Canada 

An — raulic Analogy to Transient Conduction in 
Two-Dimensional Fields, F. C. Hooper, C. H. 
Miller, and J. F. Keffer, Canada 

Temperature Distribution in Ring ym Plug 
Shrink Fit Assemblies, R. Hendry, U. 

Heat Transfer From the Uranium out to the 
Magnox Can in a Gas-Cooled Reactor, P. D 
Sanderson, U. K 

The Thermal Conductance of Machined Metal 
Contacts, L. C. Laming, U. K 

Interfacial Temperatures and the Distribution of 
Heat Between Bodies in Sliding Contact, 7. P. 
Newcomb, U. K 
Thermoelectric 
Sampson, U.S 
An Exact Method for Determining the Theoretical 
Performance of a Thermoelectric Generator When 
Material Properties Are Arbitrary Functions of 
Temperature, D. L. Kerr, U.S. A. 


Generator Efficiency, R. L. 


Heat Transfer in 

Equipment—I 2:30 p.m. 
Laboratory Test Results With a Family of Heat- 
ing Elements - Ljungstrom Air Preheaters, A 
Lysholm, T McVeigh, and R. Gustafsson, 
Sweden 

The Solution to the Dimensions of Corrugation- 
Type Heat Exchangers, R. J. V. Snell, U. K 
Heat-Transfer and Flow-Friction Characteristics 
of Five Offset Rectangular and Six Plain Triangu- 
lar Plate-Fin Heat-Transfer Surfaces, D. ( 
Briggs and A. L. London, U.S. A 

Heat-Transfer Coe in Town-Gas Heated 
E. A. K. Patrick and N. G. Patel, 


Experiments on Flame Radiation in an Air-Cooled 
Steel Muffie Combustor and a Complementary 
Water-Cooled Furnace, A. Lysholm and 
Gunners, Sweden 

Calculation of a Flue-Gas Recirculation and Heat 
Transfer in Heaters Using High-Velocity Gas 
Burners, W. FE. Francis and (Miss) H. E. Rough- 
ton, U. K 

Heat Transfer to Rocket- engine Injectors, S. L. 
Bragg and ]. E. Smith, U. 

Radiation and in High-Energy 
_— -Propellant Rocket Engines, H. Zicbland, 


Alcock, 


Hea Transfer in Diesel Engines, /. /. 


ia Cooling of Small Gas-Turbine Disks, / 
Oprecht, Switzerland 


The Development of Small Gas Turbines of Low 

Weight and High-Part Load Efficiency, A. 7 
Bowden and W. Hryniszak, U. K 

Heat During Evaporation of High 

oe Water-Steam Mixtures Flowing in 
orizontal Tubes, C. Rounthwaite and M. Clous- 
ton, U. K 


Transfer 


> TUESDAY, AUGUST 29 


Boiling and Burnout, Condensation, and 
Two-Phase Flow :00 a.m. 


Bubble Growth in Nucleate Boiling of a Binary 
Mixture, J. E. Benjamin and J. W. Westwater, 
U.S.A 

Heat Transfer in Film Boiling to Subcooled 
Liquids, . Tachibana and S. Fukut, Japan 
Boiling Heat Transfer From a Flat Surface Fac- 
ing Downward, S. /shigai, K. Inoue, S. Kiwaki, 
and 7. /nat, Japan 

The Hydrodynamic Crisis in Pool Boiling of Satu- 
rated and Subcooled a, V. Zuber, M. 
Tribus, and J. W. Westwater, U.S. A 

Critical Boiling in Tubes. V. E. 
USSR 


Doroshcuk 


Availability of Papers 

Tue individual papers which will 
be reported and discussed at 
Boulder will be ready for distribu- 
tion July 3, 1961. The registration 
fee includes one (1) bound copy of 
all papers, mailed to you before the 
Conference, if the Advance Regis- 
tration form, with remittance, is 
received by July 3, 1961; otherwise 
the volume of papers may be ob- 
tained at the Conference when you 
register. Additional copies will be 
available at the Conference. 

The papers in this program will 
not be available in separate copy form. 
The book of papers will be availa- 
ble to nonregistrants on Aug. 28, 
1961, for $22 a copy. You can 
save postage and handling charges 
by including your check or money 
order made payable to ASME with 
your order and sending both to: 
ASME Order Department, 29 
West 39th Street, New York 18, 
New York. After Sept. 1, 1961, 
address will be: United Nations 


Plaza at 47th Street, New York 17, 

For a copy of the Program, 
which includes the Advance Regis- 
tration form, write to: ASME, 
Meetings and Divisions, 29 West 
39th Street, New York 18, N. Y. 
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Transient Pool Boiling of Water at Atmospheric 
Pressure, H. A. Johnson, V. E. Schrock, B. 
Selph, J. H. Lienhard, and Z. Rosztoczy, U. S. A, 


Burnout Heat Fluxes in Pool Boiling at High 
Accelerations, C. P. Costello and J. M. Adams, 
U.S. A. 

Burnout in Crossed-Rod Matrices Under Forced 
Convection Water Flow, S. P. = zios, Tong-Soo 
Kim, and F. M. Rafchiek, U.S. A 


An Experimental Investigation of Over-All Heat- 
Transfer Coefficients for Condensing and Boiling 
Hydrogen Films, K. D. Timmerhaus, J. W. Dean, 
and D. E. Drayer, U.S.A 


Heat Transfer by Condensing Pure Vapors Out- 
side Inclined Tubes, G. Selin, Sweden 


Dropwise Condensation of Steam, R. G. H. 
Watson, J. J. Brunt, and D.C. P. Birt, U. K. 
Microscopic Study of are Condensation, 
J. W. Westwater and J. F. Welch, U.S.A 

The Condensation of oat on a Tube With Film- 
wise Condensation and in the Presence of a 
Noncondensable Gas, H. Hampson, U. K. 


Some Hydrodynamic Aspects “. Two-Phase 
Flow and Boiling, G. B. Wallis, U. 


Two-Phase (Steam and Water) oad and Heat 
Transfer, M. Silvestri, Italy 


High-Pressure Superheater Steam i in an Annulus, 
J. G. Collier and P. M. Lace ¥, K. 


Two-Phase Pressure Gradient, li’. L. Owens, U. K 


High-Speed Flows, Aspects of External 
Convection, Vibrations, and Pulsating 
Flows 2:30 p.m, 


Heat-Transfer Investigations for the Flow of 
Steam Ranging Up to Sonic Velocity, A. W. Scott 
and R. M. G. Meek, U. K. 

Measurements of Heat Transfer in Bubbles of 
Separated Flow in Supersonic Air Streams, A. 
Naysmith, U 


A Technique for Solving the Laminar-Boundary 
Layer Equations Applicable to Three- 7 ween 
Compressible Flows, M. Epstein, U. 

Pressure and Laminar eeantiniadine Distribu- 
tion at the Nose Region of a ee 

ody, V. Zakkay and M. Visich, Jr.,U. S.A 

The Aerodynamic Blunt, Axisymmetric, 
Re-Entry Type Bodies With Laminar- -Boundary 
Layer at Zero and at Large Sagies of Yaw in 
Supersonic and Hypersonic Air Streams, S. M. 
Hastings, L. Pasiuk, and A. J. Chones, U.S. A. 


Boundary- S“aer Similar Solutions for Equilibrium 
Dissociated Air and Application to the Calcula- 
tion of Laminar Heat-Transfer Distribution on 
Blunt Bodies in High- ww Flow, N. B. Cohen 
and E. Beckwith, 


The Heat Transfer and ee Characteristics 
for Forced Convection Air Flow Over a Par- 
ticular Type of 7 Surface, F. J. Edwards 
and N. Sheriff, U. 

Heat Transfer to a Air Flow in a Surface 
Cavity, R. A. Seban and J. Fox, U.S. A. 
Infiuence of Turbulence on the Transfer of Heat 
From Plates With and Without a Pressure Gra- 
dient, J. Kestin, P. F. Maeder, and H. E. Wang, 
U.S. A. 

Heat Transfer to a Turbulent Steam From a Sur- 
face With a Step Wise Discontinuity in Wall 
Temperatures, D. B. Spalding, U. K 

Turbulent Transfer From Isothermal Spanwise 
Strips on a Flat Plate, H. H. Sogin and R. J. 
Goldstein, U.S. A. 

Heat-Transfer Between a Flat Plate and Jets of 
Air Impinging on It, R. Gardon and J. Cobonpue, 
U. S. A. 


Convection Heat Transfer From a wee 
Sphere, R. L. Nordlie and F. Kreith, U. A 
Unsteady Heat Transfer From a eect Disk 
and at a Stagnation Point, EF. M. Sparrow and 
R. D. Cess, U.S.A 


Use of Thermodynamic i in 
r 


Experimental Data of Heat ansfer, 
Borishansky, I. 1. Novikov, and S. S. Kutateladze, 
USSR 

The Effects of Resonant Acoustic Vibrations on 
the Nusselt Numbers For a Constant Tempera- 
ture Horizontal Tube, 7. W. Jackson, K. R. 
Purdy, and C. C. Oliver, U.S. A. 

The Infiuence of Vertical Vibrations on Heat 
Transfer by Free Convection From a Horizontal 
Cylinder, R. M. Fand and J. Kaye, U.S 

The Effect of Flow Pulsations on Heat Transfer 
by Forced Convection From a Flat Plate, F. J. 
Bayley, P. A. Edwards, and P. P. Singh, U. K. 
Heat Transfer Between a Flat Plate and a 
Jet, R. G. Nevins and H. D. 
Bail, U. 

Two- Senenaiensl Pulsating Laminar Flow in a 
Duct With a Constant Wall Temperature, R. 
Siegel and M. Perlmutter, U.S.A 
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» WEDNESDAY, AUGUST 30 


Internal and Duct Flow 9:00 a.m. 


Heat Transfer to Mercury in a Flow 
Through Bundles of Circular Rods, J. Fried- 
land, M. W. Maresca, C. F Bonito” and O. E. 
Dwyer, U.S. A. 
Measurements of Heat-Transfer Coefficients, 
Friction Factors, and Velocity Profiles for Air 
Flowing Parallel to Closely aw Rods, L. D. 
Palmer and L. L. Swanson, U.S. A 
Improvement of Fuel Element Heat Transfer by 
Use of Roughened Surfaces and the Application 
to a 7-Rod Cluster, A. Draycott and K. R. 
Lawther, Australia 
_— pape With Axial Flow in Rod Clusters, 
Hoffman, J. L. Wantland, and W. J. 
U.S.A. 
Heat Transfer to Supercritical Water at 5000 
Psi Flowing at High-Mass-Flow Rates Through 
Round Tubes, K. Goldmann, U.S. A. 
An Investigation of Heat Transfer to Fluids Flow- 
ing in Pipes Under Supercritical Conditions, B. S. 
Petukhov, E. A. Krasnoschekov, and B. S. Proto- 
popov, USSR 
Computer Reference Temperatures for Turbulent 
Variable-Property Heat Transfer in a Tube for 
Several Common Gases, R. G. Deissler and A. F. 
Presler, U.S.A 
Turbulent Heat Transfer in Region, 
J. M. Smith and L. Koppel, U 
Simultaneous Dovelapments 
and Velocity Profiles in Flat Ducts, 1. S. Han, 
U.S.A 
Method of Conformal Forced Convec- 
tion Problems, L. N. Tao, U. 
The Effect of a Lo: itudinally Ven ing Wall-Heat 
Flux on the Heat-Transfer Coefficient for Tur- 
bulent Flow in a Pipe, W. B. Hall and P. H. 
Price, U.K 
Effects of Longitudinal Thermal Conduction in 
the Solid on Apparent Convection Behavior With 
Data for Plate-Fin Surfaces, /. Mondt 
U.S.A 
Transient Heat Transfer in a Convection-Cooled 
Heterogeneous Nuclear Reactor With Axial 
Density, W. O. Doggett and R. H. Shultz, 
A. 
The poe of a Right-Angled bcos on Heat 
Transfer ina Pipe, A. J. Ede, U. 
The Effects of Onset of Taylor cst on Heat 
Transfer, F.C. Haas and A. H. Nissan, U.S. A. 
Turbulent Heat Transfer in Pseudoplastic Non- 
Newtonian Fluids, R. M. Clapp, U. K. 
The Ratio of the Eddy Diffusivities for Heat and 
Momentum and Its Effect on Liquid Metal Heat- 
Transfer Coefficients, 7. Mizushina and T. 
Sasano, Japan 


> THURSDAY, AUGUST 31 


Mass Transfer, Packed, and 
Fluidized Beds 9:00 a.m. 


Investigation Into Film by Slots, 
’. M. Milford and D. M. Spiers, U. K. 

Transfer on a Surface Cold Air 
Film, A. Tsuchida, N. Nishiwaki and M. Hirata, 
Japan 

Velocity Distributions, Temperature Distribu- 
tions, Effectiveness, and Heat Transfer in Film 
Cocling of a Surface With a Pressure Gradient, 
J. P. Hartnett, R. C. Birkebak, and E. 
Eckert, U.S.A 

Heat and Mass Transfer of Air Cooling Coils 
With Fins, H. Uchida, Japan 

Mass Addition Effects on Hypersonic Heat Trans- 
fer to a Two-Dimensional Body, S. M. Scala and 
W. F. Ashley, U.S. A. 

The of Solids, 7. K. Ross 
and A. Rushton, LU. K 

Cooling and Dehumidification of Gases—-Inside 
and Outside of Tubes, B. L. Baker and K. O. 
Beatty, Jr., U.S. A. 

Laminar Nonisothermal Pipe Flow With Coolant 
Injection at Wall, S. W. Yuan and Y. Peng, 
U. S. 

Calculation of Ablation, 
and B. Nordquist, U. 

Transient Heating at an Axisymmetric Stagnation 
Point With Mass Addition, W. P. Manos and 
D. E. Taylor, U.S. A. 

Heat Transfer by a Fluidized Bed, S. S. Zabrod 
sky, USSR 

Radially Effective Thermal 
Packed Beds, S. Yagi, D. Kunii, and N. 
Japan 

Studies on Heat Transfer in Packed Beds, S$ 
Yagi and D. Knuii, Japan 


M. Zlotnick 


Conductivities in 
Ww. akao, 


An Experimental Investigation of the Local 
Packing and Heat-Transfer Processes in Packed 
Beds of Homogeneous Spheres, /. Wadsworth, 

The Measurement of Heat-Transfer Coefficients 
in Packed Beds by the Cyclic Method, R. M. G. 
Meek, U. K. 

Performance of Thermal Regenerators Under 
Sinusoidal Flow Conditions—-Part I, J. A. Mur- 
ray and B. W. Martin, U. K. 

Performance of Thermal Regenerators Under 
Sinusoidal Flow Conditions—Part Il, F. J. Bayley 
and C. W. Rapley, U. K 


Radiation, Thermal Properties, 
and Instrumentation 2:30 p.m. 


Prediction of the Emissivity of Hydrocarbon 
Flames, M. W. Thring, J. S. Ashton, P. J. Foster, 
and J. A. McGrath, U. K. 

Radiant Heat Transfer From Luminous Flame, 
T. Sato and R. Matsumoto, Japan 

Equilibrium Emissivity for 
M. Lapp, L. D. Gray, and S. S. Penner, U. 5 
Heat Transfer in a Thermal Radiation seaoanien 
and Scattering Medium, R. Viskanta and R. J. 
Grosh, U.S. A. 

An Examination of Two-Dimensional Heat- 
Transfer Configuration Factors With Absorbing 
Medium, M.S. Rhodes, U. K. 

Study on the Emissivity of a Gas Which Contains 
Particles, S. Yokobori, Japan 

The Thermal and Electrical Conductivity of 
Liquid Mercury, R. W. Powell, U. K. 

An Optical Method for Measuring the Thermal 
Diffusivity of Solids, A. Hirschman, J. Dennis, 
W. Derksen, and T. Monahan, U.S. A. 

Helium Prandt! Number Measurements and 
Calculated and Thermal Conductivity, 
P. D. Stroom, W. E. Ibele, and T. F. Irvine, Jr., 
U.S. A. 

Charasterietics of Heat-Flux Probe for Use in 
High-Temperature L. M. Fineer- 
son and P. L. Blackshear, U.S. A. 


FRIDAY, SEPTEMBER 1 


Heat Transfer in 
Equipment—il 9:00 a.m. 


An Analysis of Heat Transfer in the Hickman 
Rotary Evaporator, A. A. Putnam, J. A. Eibling, 
and W. L. Buckel, U.S. A. 

Solar Water Distillation, the Roof-Type Still, 
and a ay Effect Diffusion Still, R. V. 
Dunkle, U.S. A. 

Tests on a Rotating Tube Heat Exchanger Hav- 
ing Controlled Fluid Flow, R. F. Petienden and 
A. D. Richards, U. K. 

Performance Coefficients for 
in the Gas Industry, G. S. Cribb, U. K. 

The Fusion of Granular Solids, 7. x. Ross, U. K, 
Heat a rm Transfer in Sublimation Drying 
of Food . Forrest, J. M. Dalgeish, and H. P. 
U. K. 

Heat-Transfer and Pressure-Drop Data on 
Cooling-Tower Packings, and Model Studies of 
the Resistance of Natural Draught Towers to 
Airfiow, H. J. Lowe and D. G. Christie, U. K 
The of Natural Draught Cooling 
R. F. Ris 

Local Shell- Heat-Transfer Coefficients . 
Leak-Proof Heat Exchanger, B. Short and J. 
Stachiewicz, Canada 

Metallic Screen Thermoinsulators, D. V. 
kovic, Yugoslavia 


Velic- 


Free Convection 2:30 p.m. 


Natural Convection Heat Transfer in Long a 3 
zontal Cylindrical Annuli, Chen-Ya Liu, 
Mueller, and F. Landis, U.S. A 

Computation of Natural Convection by Finite 
Difference Methods, J. D. Hellums and S. W. 

Churchill, U.S. A. 

Natural Convection in a Liquid Containing a Dis- 
—— Heat Source, D. Wilkie and S. A. 
Fisher, 

Natural phate in Viscous Oil, J. Holt, 
S. Skipper, and O. A. Saunders, U. K. 
Free Convective Heat Transfer to a qgvettent 
Fluid, C. A. Fritsch and R. J. Grosh, U. 

Stability of Laminar Viscous Flows wie a Bods 
Force, S. Ostrach and S. H. Maslen, U.S. ! 

Heat Transfer of Particles in the + aoe ta 
Natural and Forced Convections Coexist, 7. 
Tsubouchi and S. Sato, Japan 

On Combined Free and Forced Convective Lami- 
nar Magnetohydrodynamic Flow and Heat Trans- 
fer in Channels With Transverse Magnetic 
Field, Y. Mori, U.S. A. 


R. G. 
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Rising Costs Affect Defense 
Department Research, Says J. R. Rubel 
at ASME Gas Turbine Power Conference 

Military and industrial leaders join 


in Washington to discuss status of 
Gas Turbine Power developments 


J. R. Rubel says, 
‘‘Growing costs are 
having a profound effect 
on the type of research 
being done by the 
Department of Defense”’ 


Curt Keller, Mem. ASME, 
discusses the coal-burning 
closed-cycle gas turbine 


Rear Admiral R. K. James, 
chief, Bureau of Ships, presents 
paper on Sea Power: Gas Tur- 
bines Add More Fighting Punch 


Chrysler's ‘‘dream boat,”’ the ‘‘Turboflite,’’ on exhibit 
at Gas Turbine Power show at Washington’s Shoreham Hotel 


At the banquet, left to right: J. W. Sawyer, GTP Division 
chairman; D. E. Marlow, Vice-President, ASME Region III; J. H. Rubel, 
speaker; Navy Chaplain N. D. Lindner; G. J. Huebner, Jr., 
executive engineer in charge of research, Chrysler Corporation; 
R. T. Sawyer, GTP Division treasurer; 
J. W. Abouchar, chairman of the General Arrangements Committee 


“GROWING costs are having a pro- 
found effect on the type of research 
that is being done by the Department of 
Defense,’ said John R. Rubel, deputy 
director of defense, research, and engi- 
neering, Office of the Secretary of 
Defense. In his banquet address at the 
Gas Turbine Power Conference on the 
“Rising Costs of Research and Develop- 
ment,’’ Mr. Rubel pointed out that much 
of the work that should be done will 
have to be deferred unless cost can be 
controlled. Ninety per cent of the $6- 
billion research and development budget 
now goes to 250 projects, and more than 
one third of it is represented by only 
five projects. 

More than 700 attended the Gas 
Turbine Power Conference at the Hotel 
Shoreham, Washington, D. C., March 
5-9, which was jointly sponsored by 
the ASME Gas Turbine Power Division 
and the Department of Defense. 

“The Nike-Zeus development alone,” 
said Mr. Rubel, ‘“‘will cost about $2 
billion, and the B-70 is currently es- 
timated to cost over $2'/, billion for 
the research, development, and testing 
phase.”’ 

For every dollar spent on supplying 
actual weapons, 50 cents is spent on 
developing a new one. Fighters cost 
60 times as much as in World War II, 
and some other replacement costs are 
100 times as much. The cost per pound 
is rising so rapidly that by 1975 air- 
planes will actually equal the cost of 
gold per pound—some electronic ap- 
paratus already costs more! 

Mr. Rubel concluded that “‘only a 
team effort of the highest order, in- 
volving industry on the one hand and 
government management on the other, 
can hope to reverse this trend which 
promises nothing but steadily dimin- 
ishing rewards for industry and—ul- 
timately—some measure of disaster for 
our nation. The bright side of the 
coin is that this same team has often 
accomplished the seemingly impossible.”’ 

John W. Sawyer of the Applied Re- 
search Division, Bureau of Ships, chair- 
man of the ASME Gas Turbine Power 
Division, was banquet  toastmaster. 
This event also was the occasion when 
the Division made a contribution to the 
Member Gifts Campaign for the United 
Engineering Center. The check was 
accepted on behalf of the Society by 
ASME President W. H. Byrne. 

Conference Program. The program had 
some of the earmarks of an annual meet- 
ing in miniature. Not only did it cross 
divisional lines in discussing the nuclear 
maritime gas-cooled reactor, but there 
were several sessions each on design 
problems and power generation, and one 
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on metallurgy. An operational-experi- 
ence report on Union Pacific's 8500-hp 
gas-turbine-locomotive fleet and on the 
adaptation of aircraft gas-turbine engines 
to industrial power requirements rounded 
out the program. 

Military Reporis. In the military re- 
ports, the U. S. Navy ignored the gas 
turbine’s part in supplying prime power 
and concentrated on such auxiliary uses 
as hydrofoil and amphibious craft, flight- 
deck tractors, and small craft. A report 
from Associated Electrical Industries 
(Manchester), Ltd., filled in on a boost- 
propulsion use with a 7500-shp gas 
turbine developed for the Admiralty. 

The Army's report was primarily on 
development, except for aircraft, where 
“Army aircraft are already powered by 
gas turbines." The Corps of Engineers, 
the Ordnance Corps, and the Transporta- 
tion Corps all have developmental re- 
sponsibility. 

The Air Force took a historical ap- 
proach to jets, which is a fait accompli as 
far as they are concerned. The pioneer- 
ing role the Air Force has played was 
stressed, along with the way in which it 
has affected commercial aviation. 

Industry Reports. Two versions of the 
closed-cycle gas turbine were presented. 
Curt Keller described a large coal-burn- 
ing one that has been widely applied in 
Europe for industrial power requirements 
combined with hot-water central heat- 
ing. Dr. Keller's paper will be published 
in MecHanicat ENGINEERING. The nu- 
clear application is still theoretical—for 
a maritime gas-cooled plant—and awaits 
feasibility confirmation (about 1963) 
with some Component tests. 

In the clectric-power ficld a small 
standby plant used by Hydro-Quebec and 
large off-peak units for Orlando, Fla., 
(the latter paper is to be published in 
MECHANICAL ENGINEERING) were de- 
scribed. 

Although aircraft gas turbines have 
been adapted to ground use before, the 
report on the joint Cooper-Bessemer 
Pratt-Whitney effort offered a new twist. 
Approached from the marketing end it 
tended to treat some difficult engineering 
problems rather casually. 

Exhibits. The military aspect of the 
conference carried through to the ex- 
hibits. The Army provided hourly bus 
service to the Pentagon where a number 
of vehicular gas-turbine applications 
were in operation. The Navy had a 
special one-trip showing of a 5000-kw 
mobile power plant. 

Vehicles were in the forefront of the 
exhibits at the Shoreham. Chrysler's 
‘dream boat" of a car, the ‘“Turboflite,”’ 
had been converted into actuality, com- 
plete with luminous-panel lighting (on 
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the backs of the front seats), an elevating 
solid top (to admit the passengers), and a 
““wing’’ between the largest tail fins yet. 
Gas-turbinewise, the Turboflite offers a 
variable-nozzle system with good part- 
load fuel consumption and quick re- 
sponse. It is a 45,000-rpm unit with a 
1700-F inlet temperature. 

The General Motors Whirlfire GMT- 
305 engine (MecnanicaL ENGINEERING, 
November, 1958, p. 111; September, 
1959, pp. 53-56) and the Ford 704 gas- 
turbine engine (MecHanicaL ENGINEER- 
ING, June, 1959, pp. 79-80) were also 
on display. The Harrison Radiator 
Division of GM included in its display 
the simple padded-type heat-exchange 
structure of alternating corrugated and 
flat shims used in Whirlfire regenerator. 

An unusually complete and instructive 
booth by the Department of Defense ex- 
plained the operation and development of 
the gas-lubricated bearing. 

There were 60 booths on components, 
metals, drives, and gas-turbine auxiliaries 
as well as the engines themselves. 

Education, Registration, and Unity. 
Donald E. Marlowe, Vice-President, 
ASME Region III, in a talk on *‘Educa- 
tion, Registration, and Unity,”’ in reality 
defined the place and significance of 
voluntary associations for the furtherance 
of professional interests. Dr. Marlowe, 
who is Dean of the School of Engineering 
and Architecture, Catholic University, 
stated that he could not but marvel at 
slender reed’ on which we ulti- 
mately depend for the development of our 
technology. This extremely important 
functional unit in our way of doing 
things is actually at the ‘‘organized 
whim" of the many technical people who 
belong to our professional organizations. 


Depending upon the gift of so much 
time and effort voluntarily contributed, 
and beyond the regular occupation of its 
members, it is part of a long tradition 
that is unique to Western civilization. 
Dedicated to the open exchange of in- 
formation, it is in marked contrast to the 
guild system with its guarded secrets. 

Although English-speaking countries 
customarily consider the learned or pro- 
fessional society to date from the found- 
ing of the Royal Society, the origins are 
considerably more ancient. Galileo be- 
longed to a Society of the Lynx, whose 
object was ‘‘to seek out scientific truth 
with the eyes of the lynx.”’ 

It should be remembered, Dr. Marlowe 
stated, that the Royal Society was 
founded by amateurs, whereas today the 
scientific and technical organizations are 
composed almost wholly of professionals. 

Dr. Marlowe stated that there are 
three hallmarks of a profession, cach of 
which carries an obligation: (#) Creating 
and updating the body of knowledge 
that is the particular profession's special 
care; (b) partial dedication of service to 
the public good (this is easiest to see in 
the ministry, he noted, but exists in 
other professions); and (c) obligation to 
assure the continuity of the profession. 
Part of the national welfare and even 
survival, he pointed out, depend upon 
the extent to which these obligations are 
fulfilled. 

Dudley D. Taylor of High Pressure 
Engineers, Inc., chairman of the ASME 
Washington Section, was toastmaster. 

A dinner in honor of overseas guests 
was held by the technical committee at 
which each person told briefly of his 
interest in gas turbines and his reason for 
being at the conference. 


Availability List—Gas Turbine Power Conference and Exhibit 


Tue papers in this list are available in 
separate copy form until Jan. 1, 1962. Please 
order only by paper number; otherwise the 
order will be returned. You can save the 
postage and handling charges by including 
your check or money order made payable to 
ASME with your order and sending both to 
the ASME Order Department, 29 West 39th 
Street, New York 18, N. Y. Papers are priced 
at §0 cents each to members; $1 nonmembers. 
Payment also may be made by free coupons 
distributed annually to members, or coupons 
which may be purchased from the Society. 
Coupons, in lots of ten, are $4 to members; 
$8 to nonmembers. 


61—GTP-1 A Gas Turbine ‘‘CO" Boiler In- 
stallation; Economic and Thermodynamic 
Analysis, by Charles Bultzo 

61—GTP-2 The Coal-Burning Closed-Cycle 
Gas Turbine, by C. Keller and W. Gaehler 

61—GTP-3 Use of Experimental Interstage 
Performance Data to Obtain Optimum Per- 
formance of Compressors, 
by L. E. Brown and F 


61—GTP-4 Standby Power f Hydro-Quebec 
Uses Gas Turbines, by H. W. Haber! and D. 
F. Abel 

61—GTP-5 A 7500-Shp Gas Turbine for Naval 
Boost Propulsion, by F. R. Harris 

61—GTP-6 The Ra See Turbines, by C. 
H. Stanton and H.C. L 

61—GTP-7 Design and EN Review 
of the T64 Engine, 
by F. F. Ehrich 

61—GTP-8 Operation of 8500-H 
in Locomotive Service, by H. 

61—GTP-9 Segre in Highly 
a ed Ferritic Gas-Turbine Wheel Forgings, 

R. Heckman and A. W. Herbenar 

61aTP- 10 Seapower: Gas Turbines Add 
Fighting Punch, by R. K. James 

61—GTP-11 Practical Realizations of Gas Tur- 
bines Combined With Steam and Industrial 
Heat exces, by W. P. Auer 

61—GTP-12 Design Considerations and Op- 
erating Experience of Regenerators for In- 
dustrial Gas Turbines, by R. F. Caughill 

61—GTP-13 Transient Temperatures and 
Thermal Stress Problems in Small Gas Tur- 
bines, by R. R. Van Nimwegen 

61—GTP-14 Technical Considerations in 
the Development of a Maritime Gas-Cooled 
Reactor System, by B. T. Resnick 

61—GTP-15 Materials Keep Pace With In- 
dustrial Gas-Turbine Needs, by H. B. Gayley 
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Military Interest. Some of the 
military men attending Flight Simulator 
Panel during ASME Aviation 
Conference, March 14, 1961, at Statler 
Hilton Hotel, Los Angeles, Calif. 

Left to right: Wing Cmdr. J. R. 
Clayton; Col. D. H. Frank, USAF; 
Wing Cmdr. G. H. Shields, Australia; 
Col. Verne Bivin, USAF; Hurshel 
Martin, WADD; Col. Lingamfelter, 
USAF; Wing Cmdr. W. J. P. Straker; 
Maj. J. R. Noble, USAF; and Maj. J. L. 
Hughes, USAF. 


Conference Marks 


Flight Simulator Panel. Left to right: J. W. Hudson, FAA, 
Washington, D.C.; J. R. Gannett, Boeing Airplane Company, 
Renton, Wash.; Capt. R. F. Rowe, TWA, Kansas City, Mo.; 

H. B. Crockett, Lockheed Aircraft Corp., Burbank, Calif.; 

R. J. Yates, Qantas Empire Airways Ltd., Burbank, Calif.; 

L. L. Kelly, General Precision-Link Div., Binghamton, N. Y.; 

J. E. Ekstromer, Douglas Aircraft Company, Santa 

Monica, Calif. Standing: Herman Olson, acting Session 
Vice-Chairman, and W. B. Klemperer, both of Douglas 
Aircraft at Santa Monica. 


International Flavor. Some of the foreign engineers attending 
ASME Aviation Conference. First row, left to right: Roberto Pini P., 
Cia Mexicana de Aviacion S.A., Mexico City; Hon. W. B. 
Griffiths, O.B.E., Ministry of Aviation, London, England; 
W. B. Houston, B.0.A.C., London; A. C. G. Martin, B.O.A.C. 
London; B. A. Heyman, K.L.M. Shiphol, Holland; and R. W. Davies, 
Department of Civil Aviation, Melbourne, Australia 
Second row, left to right: First man unidentified; |. D. Ralfe, 
Qantas Airways Ltd., Sydney, Australia; Capt. W. J. Johnson, 
B.E.A., London, England; A. H. Stewart, B.O.A.C., London; 
S. M. Poole, Le Materiel Telephonique, Paris, France; and 
Ron Cuming, Aero Research Labs., Melbourne, Australia. 


At the Aviation Luncheon. A. E. 
Raymond, left, of Rand Corporation, 
Santa Monica, Calif., and toastmaster, 
greets The Hon. W. B. Griffiths, O.B.S., 
F.1.N. British Ministry of Aviation, 
London, England 


Excitement Prevails Over Coming Advances 


ASME Aviation Division Goes Into High Gear 


Tue 1961 ASME Aviation Conference 
was held March 13-15 in the heart of one 
of the most dynamic centers of the aero- 

= space industry: Los Angeles, Calif. 
Spee With the Statler Hilton Hotel as head- 

quarters, some 90 technical papers and 
talks were presented in 24 sessions. cover- 
ing most of the current significant prob- 
lem areas or advances in the field of 
aviation including guidance and instru- 
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mentation, structural design, production 
techniques, space transport, propulsion, 
and accessory equipment. For example, 
two panel discussions on flight simulators 
attracted some of the foremost authorities 
from three continents and resulted in a 
comprehensive and expert treatise of the 
subject. 

Four Decades. At the 1960 ASME Win- 
ter Annual Meeting in New York, Past- 


President W. L. Cisler complimented the 
Aviation Division on its 40 years of 
service to ASME and to the profession. 
During these four decades, the technical 
advances in aviation have changed the 
face of the earth. Political conditions 
permitting, distances between the world’s 
great metropolitan centers are no longer 
measured in miles or in time, but by the 
price of an airline ticket. A typical 
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Start of Division's Fifth Decade; Limitless Opportunities in the Flight Sciences Emphasized 


example of this condition was provided 
by the many conference participants who 
converged from all corners of the world 
on southern California, without ap- 
preciable loss of time for travel. The 
luncheon speaker, the Honorable W. B. 
Griffiths, O.B.E., of the British Ministry 
of Aviation, flew overnight from London. 

Those who made their way from New 
York to Los Angeles by nonstop jet, did 
so in a little over five hours. 

The selection of the site and time for 
the Conference was most auspicious. 
Those who arrived at the Los Angeles 
Airport after dusk were greeted by a 
giant electric sign proclaiming the air- 
port as the “‘HOME OF THE X-15.” 
Throughout the Conference, contact 
with local engineers gave one the feeling 
that Los Angeles was well aware of its 
status as a great center of aviation, that it 
was carrying the ball and doing it well. 
Naturally a great deal of interest at the 
Conference centered on discussions in- 
volving the X-15, the vehicle which is 
carrying man to the threshold of space. 

The ease with which the Conference 
participants gathered in Los Angeles 
represents an extraordinary engineering 
achievement; but the manner in which 
such accomplishments are taken for 
granted today is even more significant. 

At the Conference. The 1961 ASME 
Aviation Conference papers constitute a 
comprehensive status report of the activi- 
ties of the mechanical engineer in the air- 
craft and acrospace industry. One gets 
the feeling that we cannot visualize a 
limit to what can be accomplished from a 
technical standpoint. We are approach- 
ing the unique situation where there are 
no technical problems for which feasible 
technical solutions do not seem to exist. 
There was a spirit of excitement at this 
Conference, in looking forward, in 
anticipating the things to come. In all 
areas, engineers stand on the threshold of 
major technical breakthroughs. 


at Los Angeles 


What Lies Ahead. In practically all 
problem areas, the basic theories have 
been worked out and feasibility studies 
point the way to the next steps. The 
big task now is to follow through with 
the hardware. However, this involves 
more than just engineering. There must 
be a customer; a customer with a specifi- 
cation. Before a specification can be 
created, on the other hand, the customer 
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must be educated with respect to his 
needs and to the possible technical solu- 
tions. These matters go far beyond the 
capabilities and responsibilities of the 
engineer. For example, the panel dis- 
cussions on flight simulators pointed out 
the necessity for co-ordinating, in im- 
portant matters affecting the public 
safety, some of the basic major programs 
and procurement schedules of the airlines, 
the Air Force, the Navy, the FAA, the 
aircraft and equipment manufacturers, 
and the flight-simulator manufacturers. 
Certain aspects of national policy are 
involved. Until such monumental prob- 
lems are solved on their proper level, the 
nation cannot fully benefit from the con- 
tribution of the engineer. 

The development of workable, com- 
plex air and space hardware also presents 
other difficulties not normally under- 
stood by those outside the designer's 
immediate fraternity. Design of com- 
plex hardware is not a straightforward 
analytical task. There are many parame- 
ters involved, and many technical fac- 
tors to consider. Many of these factors 
cannot be analytically treated, and it be- 
comes something of an art to balance 
them all out to achieve the optimum 
trade-offs which result in a workable 
piece of hardware. It takes not only 
formulas and a slide rule, but also know- 
how, experience, and a feeling for the 
work. Cut-and-try methods are in- 
volved. Unfortunately, this aspect of 
mechanical engineering is not always 
recognized by all of those who direct the 
activities of the engineer and the specifi- 
cation writer. Inadequate attention is 
being given to the initial design effort, 
resulting in much faulty hardwaie. A 
great effort is then required for subse- 
quent expensive corrective programs 
which use up our manpower and facili- 
ties, and constitute a considerable drain 
on profits. Not much remains for new 
programs. 

Do Engineers Communicate? Much has 
been said about the responsibility of the 
engineer to learn to communicate and to 
sell his ideas. The Los Angeles con- 
ference shows that the engineer knows 
how to communicate with his own kind 
as well as can be expected. In fact, the 
American engineer has no difficulty in 
communicating with foreign experts. 
In a supersonic age, he has developed a 
technical language adequate to express 
his complex problems. Furthermore, in 
order for the engineer to do his job well, 
he must stick to it. 

In the meantime, accidents are occurring 
and people are being killed, while equip- 
ment which could prevent these accidents 


is available or could readily be developed. 
There are many doubts that our Armed 
Forces are as well prepared as they could 
be. This situation is getting worse as 
our operating speeds increase. 

The engineer has developed solutions 
to most of today’s and tomorrow's prob- 
lems; he is far ahead of the practical 
application which we see around us. 

Those who accept public office and 
represent the interests of the people, as 
well as those who assume responsibility 
for the economic welfare of the nation, 
certainly must accept some of the re- 
sponsibility for acquainting themselves 
with the tools which the engineer is 
ready to provide to insure a better na- 
tional life. The engineer's contribution, 
although basic, is only a part of the 
over-all job required to put a piece of 
complex hardware, or an operational 
system, into service. The creative engi- 
neer cannot be expected to drop his de- 
manding technical work and take on all 
the aspects of the job of finding the ways 
and means of making these benefits 
available to the nation. 

In the past, both engineering concepts 
and governmental structures were simpler 
and it was possible for the engineer to 
assume the initiative in many nontechni- 
cal aspects of the work, as admirably de- 
scribed in Steinman’s ‘Builders of the 
Bridge."" Today in aerospace tech- 
nology the technical aspects have become 
much too involved and complex to per- 
mit the creative engineer personally also 
to engage extensively in other than tech- 
nical aspects of the work. 

Herein lies one of the greatest chal- 
lenges to our political and economic 
leaders in the space age. On one hand 
we complain about too many societies 
and too many technical meetings. 
Maybe we should welcome this activity, 
within certain limits, as a real sign of 
life, as a manifestation of the richness and 
diversity of technical progress in a free 
society. It is the result of the awareness 
in different kinds of engineers of their 
need to get together to inspire and moti- 
vate one another; of the great number of 
technical specialties clamoring to be 
heard; of their desire to contribute, to be 
more effective. It might be a good idea 
for some of our Congressional Commit- 
tees to send representatives to our techni- 
cal meetings to associate directly with 
creative individuals, rather than to rely 
on the wisdom of selected consultants. 

Aerospace Meetings: Future Plans. The 
timing of the 1961 Aviation Conference 
coincided with the ARS Missile and Space 
Vehicle Conference which was being held 
at the Los Angeles Hotel Biltmore. 
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Tue papers in this list are available in sepa- 
rate copy form until Jan. 1, 1962. Please 
order only by paper number; otherwise the 
order will be returned. You can save the post- 
age and handling charges by including your 
check or money order made payable to ASME 
with your order and sending both to the ASME 
Order Department, 29 West 39th Street, New 
York 18, N. Y. Papers are priced at 50 cents 
cach to members; $1 to nonmembers. Pay- 
ment also may be made by free coupons dis- 
tributed annually to members, or coupons 
which may be purchased from the Society. 
Coupons, in lots of ten, are $4 to members; $8 
to nonmembers. 


61—Av-1 Lightweight Thermal Insulation by 

Transpiration Cooling, by J. G. Krisilas and 
oberg 

61—Av-2 Catalytic Filtration of Ozone in Air- 
borne Application, by J. Boberg and 
Myron Levine 

61—Av-3 A New Mechanical Approach for the 
Construction of Modular Electronic Equip- 
ments, by R. C. Swenge! and W. R. Evans 

61—Av-4 The Use of Derivative Pressure 
Feedback in High Performance seinen 
Servomechanisms, by T. R. Welch 

61—Av-5 Thermal Design for Microminiatur- 
ized Circuitry, by H. C. Kammerer 

61—Av-6 evening of Hi-Temperature Metals, 
by |. J. Wilson 


61—Av-7 Measurement of Four Pole Parame- 
ters of Complex Structures, by F. B. 
Safford 


61—Av-8 Application of Four-Pole-Parameters 
of pacar Vibration Problems, by C. T. 
Molloy 

61—Av-9 Maintainability — A Desi of Char- 
acteristic of Equipment, by J. A. Sa 

61—Av-10 Logistic and “Handling of 
Liquid Helium, by J Marsh 


61—Av-11 Design Features of 2 Cabin Air 
Turbocompressor for a Transport Airplane, 
by W. W. Thayer 

61—Av-12 Automation in Random Vibration 
Testing, by Wayne Tustin 

61—Av-13 Advanced Fabrication Techniques, 
by R. Gorcey, J. Glyman, and E. Green 

61—Av-14 Integral Pressure-Vessel Welding 
Techniques—A Review, by L. E. Gatzek and 
Ivan Rattinger 

61—Av-15 Patterns of Failures on Guidance 
and Instrumentation Equipment, by # 
Horn 

61—Av-16 Gust fhavetion in the Modern 
Airplane, by G. M. Andrew and F. H. Gardner 

61—Av-17_ The Disciplined Geometry of Micro- 
modules Yields Practical Miniaturization, by 
by J. W. Knoll 

61—Av-18 A Micromodule Missile Autopilot, 
by J. H. Porter 

61—Av-19 Analysis and Solution of Vibration 
Problems in the Hughes Model 269A Heli- 
copter, by F. C. Strible 
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At Marquardt Jet Lab in Van Nuys, Calif., 
visitors saw engine test facilities capable of 
simulating operation of full-scale or model 
engines at extreme speeds and high altitudes 


Many engineers walked back and forth 
between the two hotels, selecting sessions 
from two program booklets. They 
liked the idea of attending two meetings 
with one trip, and we received a number 
of favorable comments regarding this 
arrangement. Although there were also 
a few complaints from men who would 
have liked to be at two places at one 
time, the favorable comments greatly 
outnumbered the negative ones. Asa re- 
sult of this experience, the Aviation 


Availability List—Aviation Conference 


61—Av-20 On the Development of Launchers 
for Low-Acceleration, Multinozzle Missiles, 
by A. N. Baxter 
61—Av-21 Elevated Temperature Stress- 
Rupture and Spy ow Properties of Inconel 
and Inconel X mmonia Atmosphere, by 
. H. Weisman 
61—Av-22 Large Butterfly Valves in the Pro- 
pulsion Wind-Tunnel Facility at Arnold 
Center, by J. C. McLane, Jr. 


61—Av-23_ Optimization Procedures Applied 
to the Environmental Conaitening. 
for the B-70 Air Vehicle, by E. W am 

61—Av-24 Norair Air Modulator 
Generator, by D. C. Skilling 

61—Av-25 Design for Combined 
Environmental Testing of Rocket Propulsion 
Components, by R. J. Thoreson 

61—Av-26 Missile System Elastomers...Pre- 
dicting Field Life Expectancies, by J. S. 
Chandler 

61—Av-27 The Ling Model L-200 Vibration 
Exciter—A Breakthrough in Shaker Develop- 
ment, by J. W. Schreiber 

61—Av-28 The Response of _ Uniformly 
Damped Cantilever Beams to a Random-in- 
Time Force, by G. W. Painter 

61—Av-29 Mechanical Refrigeration for Lunar 
Systems, by D. B. MacKay 

61—Av-30 Radiant Interaction Between Fin 
and Base Surfaces, by E. M. Sparrow and 
E.R. G. Eckert 

61—Av-31 A Family of Solar Space Power 
Systems Based on the Sunflower Concept, 
by C. J. Daye 

61—Av-32 Aircraft Hydraulic Pumps and 
Motors—New Developments Presage_In- 
creased Utilit by F. 
Moncher and R. P. Lambeck 

61—Av-33 Heat Transfer Applied to Space 
Storage of Cryogenic Propellants, by F. R. 
Cleveland 

61—Av-34 On Thermal Stresses in Cylinders 
— to Gamma-Ray Heating, by N. A. 

ei 

61—Av-35 Improvement of Fatigue Life of 
Aircraft Components by Coining, by 
Phillips 

61—Av-36 Stability of Honeycomb Sandwich 
Cylinders, by M. O. Kiciman and D. Y. 


Konishi 
61—Av-37 frre Metal Forming Comes of 
Age, by G Throner 


61—Av-38 Calculating Residual Stresses in 
Some Formed Parts, by C. S. Yen 

61—Av-39 An Integrated Cryogenic System 
for Spacecraft Power, Thrust, and Cooling, 
by W. L. Burriss and J. L. Mason 

61—Av-40 Ausform Steels, Ultra-High 
Strength Materials for Lightweight Rocket 
Casings, by S. T. Ross 

61—Av-41 Thermal Stress in Circumferen- 
tially Constrained Thick-Walled Cylinders 
and Solid Spheres, by Walter Unterberg 


61—Av-42 Evaluation of the Short-Time 
Mechanical Properties of Structural Beryl- 
lium, by E. C. Bernett 

61—Av-43 Cavitation Characteristics of Tank 
Mounted, Centrifugal Type, ‘oo 
Pumps, by J. F. Di Stefano and J 
sian 
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Division Executive Committee is con- 
sidering the proposal that in 1964 and 
thereafter the national acrospace meet- 
ings of the ASME, IAS, SAE, and ARS all 
be held at the same time and in the same 
city, at hotels within walking distance 
of one another. A single registration 
would permit attendance of any session 
of the four societies. This arrangement 
could result in appreciable savings of 
time and travel expenses for many engi- 
neers and their companies.—John deS. 
Coutinho, Mem. ASME, Head, Reliability 
Control Department, Engineering Divi- 
sion, Grumman Aircraft Engineering 


Corporation, Bethpage, L. I., N. Y. 


61—Av-44 High-Temperature Allicys for Small 
Gas-Turbine Application, by M. Kaufman 

61—Av-45 A_ Study of Limitations of Air- 
Breathing Thermal Engines, by C. A. Sarro 

61—Av-46 Development of a Smal! Gas- 
faa Engine for Helicopter Propulsion, 

by P. W. Pichel and J. V. Ryan 

61—Av-47 A Composite Materials S 
Re-Entry Vehicle Applications, . 
Weisert 

61—Av-48 Vibration Analysis of Small Gas- 
Turbine Blades, by Rudolph Hohenberg 


61—Av-49 Adverse Weather Systems for the 
Convair 880/990 Jet Transports, by D. T. 
Bowden 

61—Av-50 A Study of Rocket Vehicles Applied 
to Battlefield Logistics, by S. A. Milliken and 
H. Nakamura 

61—Av-51 Spin and Recovery Simulation of 
the NAA A3J-1 Airplane on the Human 
Centrifuge, by R. Z. Snyder 

61—Av-52 Design Criteria for a Space Environ 
ment Simulator, by A. Lengyel, P. A. Mar- 
fone, and D. J. Santeler 

61—Av-53 The Influence of Propellant Mass 
Fraction on Specific Impulse Requirements 
and Payload Capability of Chemical Rocket 
Propulsion Systems, by |. S. Florman 

61—Av-54 High - Strength, Landing - Gear 
Forgings—The Manufacture of Ductile 
Components From Air Melted Steels, by 
R. L. Roshong 

61—Av-55 Discussion of the Design and 
Operation of the X-15 Environment Control 
System, by D. G. Westbrook 

61—Av-56 Elastic Properties of Orthotropic 
Monofilament Laminates, by J. C. Ekvall 

61—Av-57 Structural Characteristics of 
Fasteners for Honeycomb, by Jack Cherne 

61—Av-58 of the Stiffness 
Method to the Analysis of Shell Structures, 
ey 2 = Greene, D. R. Strome, and R. C. 

eike 


61—Av-59 A Comparison of Analytical and 
Experimental Local Heat Fluxes in Liquid- 
Propellant Rocket Thrust Chambers, by 
W. E. Welsh, Jr., and A. B. Witte 

61—Av-60 Dynamic Balancing of Missiles 
and Space Probes, by D. A. Lee and R. J. 
Switz 

61—Av-61 New Joining Processes for Un- 
common Materials, by R. E. Monroe 

61—Av-62 Molecular and Colloidal lons for 
Electrical Propulsion, by A. Lucile Cox 

61—Av-63 Development of the T63 Engine, by 
J. M. Wetzler and W. S. Castle 

61—Av-64 The Application of the Gas Turbine 
to Ground-Cushion Vehicles, by 
Kelley and L. W. Norman 

61—Av-65 Control of Supersonic Inlets, by 
T. A. Flanders 

61—Av-66 The Efficient Design of Truss- 
Core Sandwich Plate for Spacecraft, by 
D. G. Younger, Jr. 

61—Av-67 An Economic Analysis of Various 
Liquid Propellant Booster Systems, by S. F. 
lacobellis and H. C. Wieseneck 

61—Av-68 The B-52 Towing Tug Hydraulic 
System—A New _ Shelf ardware-Design 
Concept, by J. O. Byers, Jr. 

61—Av-69 Titan Testing, by James Cook 
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Management simulation games, in which 
executives, divided into teams, participated 
in both marketing and manufacturing simula- 
tions, were conducted by Univac, a Division 
of Sperry Rand Corporation. Purpose of the 
games was to give players the feel of market- 
ing and manufacturing management and a 
broader perspective by handling various 
phases of a company operation during a 
given period of time. Decisions were made 
on how to handle the sales organization, pay 
for salesmen, how and when to train per- 
sonnel, what to spend for advertising and 
sales promotion, when to order production, 
where to stock inventory, inventories, raw 
material purchases, quality control, shipping, 
etc. Data and decisions were fed into the 
UNIVAC computer located at the Statler 
Hilton, processed, and provided statistics and 
reports as a basis for subsequent action by 
the executives. 


SAM-ASME Engineering Management Conference 
Cost-Reduction and Profit-improvement Session Scores High 


More than 600 top, functional, and 
middle-management executives attended 
the 16th Annual Managemert Engineer- 
ing Conference, sponsored by the Society 
for the Advancement of Management 
and the Management Division of The 
American Society of Mechanical En- 
gineers, at the Statler Hilton Hotel, New 
York, N. Y., April 6-7. ‘Improving the 
Technologies of Managing for Profit’ 
was the timely theme of the Conference. 

Cost Reduction. Faced with a sag- 
ging economic situation, it was not 
unusual that nearly 300 attended the 
“Cost-Reduction and Profit-Improve- 
ment’’ session. They heard A. J. Piac- 
quad of the Curtiss-Wright Corporation 
emphasize that an effective cost-reduc- 
tion program requires the blessing and 
complete support of top management. 
If the existing management is not cogni- 
zant of its importance, he said, the merits 


and potential of the program must be 
sold to them. Cost-reduction targets 
should be assigned to department heads 
by the general manager. He pointed out 
that the distribution of cost-reduction 
targets to all departments serves a dual 
purpose: First, it assures that cost-reduc- 
tion proposals will receive co-operation 
rather than resistance, and second, that 
the total mass of know-how, experience, 
and imagination within the company 
will be utilized. 

Mr. Piacquad recommended that a 
cost-reduction committee be established 
consisting of members of the major de- 
partments. This committee should meet 
weekly or biweekly and discuss progress 
and plans for the cost-reduction program. 
The company-wide representation on the 
committee would guarantee a technical 
competence and administrative capacity 
to discuss and evaluate all types of cost- 
reduction problems that would be placed 
before it. 

A sound cost-reduction program re- 
quires something in addition to the 
generation, evaluation, and installation 
of cost-reduction proposals. It must 
have as an integral part a periodic audit 
of its executed proposals to determine 
whether or not the savings claimed on the 
cost-reduction proposals have been ob- 
tained in fact. This audit can be per- 
formed by departments within the or- 
ganization that are staffed with profes- 
sional personnel having this capability 
such as auditing, industrial engineering, 
systems and procedures, and labor 
measurement. Since cost reduction is 
aimed at profit improvement, the cost- 


Dr. Mason W. Gross, ASME luncheon speaker, 
calls for greater precision and accuracy, par- 
ticularly in speech education. We are becom- 
ing’sloppier than ever before in language, he 
stated. 


reduction achievement should eventually 
leave its impact in the form of reduced 
appropriations of the operating and 
manpower budgets and should not, under 
any circumstances, be dissipated to the 
point where the savings are eroded over a 
period of time. 

Monthly reports should be prepared 
by the cost-reduction committee for the 
general manager and his department 
managers, he said. These reports meas- 
ure performance against target and are 
reviewed individually and collectively by 
this group in order to insure that con- 
tinued emphasis is placed on the cost- 
reduction task. The general manager 
should review the cost-reduction reports 
at his regular staff conferences. He 
must energize the program and promote 
its significance by a continuing appraisal 
of its contributions to the total company 
effort and by elevating its importance as 
project matter to the level of other com- 
pany projects such as Sales Engineering 
and Production. 

In other sessions, Means to Overcome 
the steady erosion of profits by constantly 
rising costs were explored, and many 
new practical ideas and applications, 
which have been pilot-tested in the field 
were discussed in talks and technique- 
oriented workshops. 

Conference Luncheons. Besides morn- 
ing and afternoon sessions on practical 
improvement of management principles, 
the conference luncheons featured Allen 
H. Mogensen, director, Work Simplifica- 
tion Conference, Lake Placid, N. Y., 
speaking April 6 on “What Management 
Needs From Industrial Engineering’; 
and April 7, Mason W. Gross, President, 
Rutgers—The State University, New 
Brunswick, N. J., on “An Educator 
Looks at the Future Needs of Manage- 


ment. 
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James E. Newsome, production mana- 
ger, Johnson & Johnson, Chicago, IIl., 
and president of SAM; and Marshall 
Anderson, manager, General Purpose 
Control Department, General Flectric 
Company, Bloomington, III., and chair- 
man of the ASME Management Division, 
served as chairmen, respectively, of the 
luncheon meetings. 

At the April 6 luncheon the Lillian M. 
Gilbreth Medal was awarded to Gerald 
D. Nadler, PhD, head, Industrial En- 
gineering Department, Washington Uni- 
versity, St. Louis, Mo.; and the Ma- 
terial Handling Award was presented to 
Charles S. Schroeder, director of Research 
and Development, Yale and Towne 
Manufacturing Company, Philadelphia, 
Pa. 

Presentation of ASME Awards took 
place at the April 7 luncheon. Mr. An- 
derson presented an ASME Fellow 
certificate to Eugene Henry MacNeice, 
director of Quality Control at Johnson & 
Johnson, New Brunswick, N. J. A spe- 
cial citation was awarded to David B. 
Porter, professor-emeritus, Industrial En- 


ASME Award Presentations: Marshall Ander- 
son, center, congratulates David B. Porter, 
right, on receiving special ASME citation as 
Eugene Henry MacNeice, who had just been 
made a Fellow of ASME, looks on 


gineering, New York University, in 
recognition of his pioneering in motion- 
study education, his advocacy of work 
simplification, and his service to scien- 
tific management. 

Dr. Gross, principal speaker at the 
ASME luncheon, declared that the 


manager of the future needs high tech- 
nical competence that can change and 
grow with the times. To turn out 
graduates to fill management gaps, Dr. 
Gross indicated that curriculums must 
stress the following: (a) Flexibility, (4) 
precision and accuracy, and (c) creativity. 


ASME Textile Conference Draws 200 for Discussion of Industry Problems 


“The 
Shuttleless Loom,’’ by A. E. McKenna, 
of the School of Textiles, Clemson Col- 


TexTILe engineers discussed details of 
the newest developments in the textile 
industry during the two-day ASME 
Textile Engineering Conference at Clem- 
son College, Clemson, S. C., March 
16-17. About 200 attended. 

Gathering at Clemson House on a hill 
overlooking the campus, the engineers 
were welcomed by Dr. James H. Sams, 
Fellow ASME, and then spent the better 
part of the first day in a lively panel dis- 
cussion on the potential of ‘‘nonwovens,”’ 
fabrics made of cemented fibers. The 
subject was so popular, it kept panelists 
busy all morning, then lured them back 
after lunch. At dinner that evening, 
guest speaker Dr. Walter Lowry, Jr., 
dean of the Clemson School of Engincer- 
ing, told the textile men that schools of 
the future must be aware of the changing 
needs in engineering education. 

The shuttleless loom, one of the in- 
dustry’s revolutionary innovations, 
claimed the spotlight during the morning 
session on March 17. This new type of 
loom, lately introduced to commercial 
practice, employs methods other than 
the conventional shuttle to pass the 
‘filling’ or weft through the ‘‘shed”’ or 
raised warp yarns. Several methods 
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were presented in the papers, 


lege; Maxbo Shuttleless Loom,”’ 
by R. J. Farr, Edda International Cor- 
poration, New York City; and “‘The 
Draper Shuttleless Loom,’ by J. D. 
Marshall, Draper Corporation, Spartan- 
burg,S.C. The Maxbo loom, developed 
in Sweden by an Estonian engineer, 
weaves thread with compressed air. 
The Draper loom does it with the aid of 
flexible steel tapes or rapiers on each side 
of the cloth that meet in the middle to 
transfer the thread from one side to the 
other. Papers on cotton production also 
presented were: ‘‘Cotton—Mechanics of 
Ginning and Effects in Quality,”’ by J. A. 
Luscombe, U. S. Department of Agricul- 
ture, Southeastern Cotton Ginning Re- 
search Laboratory, Clemson; and ‘‘Cot- 
ton—Some Aspects of Quality as Related 
to Manufacturing,”’ by J. E. Ross, Agri- 
cultural Marketing Service, U. S. De- 
partment of Agriculture, Clemson. 

Two industrial tours taken the first 
day of the mecting provided a first-hand 
look at the manufacturing of textile 
machinery in the Saco-Lowell Research 
and Development Center and the Saco- 


Lowell Easley Plant and demonstration 
area, Clemson; and an introduction to 
the Clemson College School of Textiles 
and the U. S. Department of Agriculture 
Pilot Spinning Plant and Ginning Labo- 
ratory. 


Availability List—Textile Engineering 
Conference 


Tue papers in this list are available in sepa- 
rate copy form until Jan. 1, 1962. Please order 
only by paper number; otherwise the order 
will be returned. You can save the postage 
and handling charges by including your check 
or money order made payable to ASME with 
your order and sending both to the ASME 
Order Department, 29 West 39th Street, New 
York, 18, N. Y. Papers are priced at 50 cents 
each to members; $1 to nonmembers. Payment 
also may be made by free coupons distributed 
annually to members, or coupons which may be 
purchased from the Society. Coupons, in lots 
of ten, are $4 to members; $8 to nonmembers. 
61—Tex-1 Cotton—Mechanics of Ginning and 

Effects on Quality, by J. A. Luscombe 
61—Tex-2 The Maxbo Shuttleless Loom, by 

R. J. Farr 
61—Tex-3 The Shuttleless Loom, by A. E. 

McKenna 
61—Tex-4 Cotton—Some Aspects of 


uality 
as Related to Manufacture, by J. E. 
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Tue tremendous increase in interest and 
activity connected with the ocean 
environment has raised many new 
problems and areas of activity of interest 
to mechanical engineers. In recognition 
of this, the Council of the ASME ap- 
proved, on April 14, the formation of an 
ASME Professional Group on Under- 
water Technology. Chairman of the 
Group is Richard Neuendorffer of the 
New London Section, ASME. 

Objectives. The Group, newest of 
ASME, has the following objectives: 
(4) To constitute a Professional Group of 
ASME in the aeld of underwater tech- 
To promote the art and 
science of underwater technology in 
mechanical engineering; (c) To en- 
courage and foster research and develop- 
ment and the publication of significant 
data and original research within the 
scope of the Group's activities; (d) 
To encourage the interchange of ideas 
among engineers by means of the follow- 
ing methods—the preparation and publi- 
cation of papers on engineering develop- 
ments; organization of programs in 
which papers in the field of underwater 
technology are discussed; and _ co- 
operation with other Professional Divi- 
sions within the Society with respect to 
standardization, research, preparation 
of papers, meetings, and special services. 

The Executive Committee of the 
Group is headed by Richard Neuendorffer 
as Chairman. Neuendorffer is Super- 
visor, Research and Development De- 
partment, Electric Boat Division, General 
Dynamics Corporation, Groton, Conn. 
Other members are John Craven, Bureau 
of Naval Weapons, Washington, D. C.; 
George Wislicenus, Ordnance Research 


nology; ( 


Artist’s drawings depict but two of the many projects of interest to 
the recently formed Professional Group on Underwater Technology. 
The Aluminaut, left, is a deep-diving submarine in the final planning 
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Underwater Technology Group Formed by ASME 


Laboratory, Pennsylvania State Uni- 
versity, University Park, Pa.; H. Nor- 
man Abramson, Director of Department 
of Mechanical Sciences, Southwest Re- 
search Institute, San Antonio, Texas, 


Secretary of the Group; and Cmdr. 
Arnold Medbury, Bureau of Ships, 
Washington. 


Underwater Technology Symposium 

The Executive Committee of this 
Group has acted swiftly in formulating 
plans for the 1961 ASME Winter Annual 
Meeting. A symposium definitely is 
planned which will deal primarily with 
the objectives and future of ‘‘Under- 
water Technology’’ as outlined by 
several invited authorities in various 
areas of this field. It also has planned to 
hold a luncheon with an invited speaker 
and to have an additional technical 
session based on contributed papers. 
The Group also intends to distribute a 
Newsletter at regular intervals through- 
out the year to keep members of the 
Society informed concerning its activ- 
ities. 

The general fields of interest of the 
Group will center around all mechanical 
engineering problems which relate to 
vehicles, devices, operations, and the 
like, underwater and at the interface. 
Some ideas and problem areas relative 
to mechanical engineering objectives of 
underwater technology are illustrated. 


President Spurs National Program 

Formation of this Underwater Group 
is especially timely in view of President 
John F. Kennedy's recent request for 


stages. 
porary vessels. 
operator. 


$97 million to spend in research on “‘the 
seas around us."’ President Kennedy 
asked for $97,501,000 for numerous 
projects in oceanography including de- 
velopment of future sources of food and 
minerals, weather forecasting, weather 
control, as well as the gathering of new 
facts useful to the Navy in undersea 
operations. 

“We are just at the threshold of our 
knowledge of the oceans,"’ Mr. Kennedy 
said in a letter to Vice-President L. B. 
Johnson. ‘Knowledge of the oceans is 
more than a matter of curiosity. Our 
very survival may hinge upon it. 

‘The seas offer a wealth of nutritional 
resources. They already are a principal 
source of protein. They can provide 
many times the current food supply if 
we but learn how to garner and husband 
this self-renewing larder. To meet the 
vast needs of an expanding population, 
the bounty of the sea must be made more 
available. Within two decades our own 
nation will require over 1,000,000 more 
tons of seafood than we now harvest."’ 

The President said: ‘“This is not a one- 
year program or even a ten-year program. 
It is the first step in a continuing effort 
to acquire and apply the information 
about a part of our world that will ulti- 
mately determine conditions of life in 
the rest of the world.”’ 

Among the things the proposed $97,- 
§01,000 would be spent on in the next 
fiscal year would be ten new ocecano- 
graphic vessels, laboratories, wharfside 
facilities, and basic research. 

ASME’s Underwater Technology 
Group therefore should find much in 
common with the governments plan for 
studying the oceans. 


The vehicle will operate at depths far exceeding contem- 
It will carry an observation crew of two and one 
Right photo shows a military submarine. 
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JUNIOR 


Books to Read and Things to Do 


A Word About Books 

Sometimes I think that among the 
million or so categories in which one 
finds himself, among all these are two 
labeled “‘‘readers’’ and ‘‘nonreaders."’ 
If you're a reader, there’s nothing you 
can do about it. You're born that way. 
And if you're a nonreader, don’t fret. 
That's the way you started, and that’s 
the way you'll end. 

No persuasion, no dissuasion, no 
coaxing, cajoling, pleading, beating, 
ranting, raving, logic, illogic—nothing 
can change this course of life. So, when 
you set out to extol the benefits of books, 
it’s really pointless. 

For, you see, the readers think you're 
an idiot for trying to get them to do 
something they're already doing. And 
the nonreaders think you're an idiot for 
wasting good pulpwood. Nevertheless, 
there are times when it’s fun to be an 
idiot. And this is one of them. 

I've labored over many a “‘read this so 
you will be well-read’’book list. Most 
of them seem designed to turn educated 
men into illiterates, and nonreaders into 
cretins. So I'm more than just pleased 
at the chance to report a list of books 
that, though labeled ‘Selected Reading 
for Young Engineers,"’ would make a 
good reading list for anyone of any age. 
Most of the list consists of nonclassics. 
The point being the committee that 
comprised the list think most engineers 
will be acquainted with the great and 
familiar works of literature and religion. 
Therefore books on the list in question 
are aimed at opening up the territories of 
human achievement and at interesting 
the young engineer in fields that may be 
explored with attendent cultural profit. 

The list, covered in a slender cight- 
page ECPD pamphlet, covers ten general 
areas of thought, type of literature, and 
endeavor. Several are classics, in case 
you missed a few along the way, and 
several were authored after 1950. Get 

Smith, 
Assoc. 


1 Designer, Voorhees, Walker, 
Smith & Haines, New York, N. Y. 
Mem. ASME. 
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this pamphlet. Use it as a bookmark, 
then it will always be handy. It costs 
15 cents and you can get it (Selected 
Reading for Young Engineers) at the 
Engineers’ Council for Professional De- 
velopment, Training Committee, 29 
West 39th Street, New York 18, N. Y. 

One more thought on this general 
subject. From time to time one hears 
about speed-reading courses and the 
many benefits that they offer. Yet few 
of us do anything about it. I recently 
witnessed a demonstration in which a 
secretary, formerly of normal reading 
speed, read—in 40 seconds—ten pages of a 
book she had never seen. Her reading 
speed varies between 3000 and 6000 words 
per minute. She got up to this pace 
after a 12 week speed-reading course. 

Reading speeds in this range mean she 
can read a 300-page novel in say, in- 
cluding minor interruptions, between 
45 minutes and an hour and a half. 
After reading the ten pages, this young 
woman gave a discussion of what she had 
read that indicated she got comprehen- 
sion and understanding as well as reten- 
tion along with her speed. The point 
of bringing this up is that the press 
of time prevents many people from read- 
ing. With increased reading speed, more 
time could be devoted to reading of all 
sorts, and most likely there would be 
much less resistance to reading. (For 
instance, a person would get more from 
the newspaper. You would read more 
of it and more often, since you could read 
the whole thing, excepting the stock 
page, in about 15 minutes or less.) If 
you would like information about speed 
reading, including how it affects tech- 
nical reading, write in and say so. If 
you show enough interest, I'll dig around 
and see what's available in formal as 
well as do-it-yourself courses and books 
and also try to get critiques from people 
in various fields who use this reading 
technique. 


Regional Activities: Thing to Do 
The National Junior Committee is 


made up of people. It in turn has de- 


veloped a committee, also made up of 
people, with the above title that handles 
activities on the Regional level. The 
problem here usually is that the most 
important people—the young engineers 
and members—don’t know who the 
committee people are in their local areas. 
So, now and then, we post you on who is 
presently heading up committee activi- 
ties. Here, on a Region by Region run- 
down, are the men to contact in your 
areas if you are interested in the goings on 
of the Associates Committee. 

Region I. Covers all of New England. 
For information on a newly formed 
RAAC in this area, write to Sam Merraat, 
Arthur D. Little, Inc., Acorn Park, Cam- 
bridge, Mass. 

Region II. This takes in metropolitan 
New York and all of New Jersey. At 
the moment there is no RAAC here- 
abouts. Bernard Meany has_ volun- 
teered, and the National Junior Commit- 
tee is depending on him, to spark the 
formation of the activities committee 
in this Region. Does he need help! 


International Current-Meter 
Group Formed 


Tue current-meter technique of 
flow measurement was one of 
the earliest established methods 
for metering large rates of flow 
and one of the first to be accepted 
by the various national and in- 
ternational test codes. However, 
certain aspects of current-meter 
performance and calibration pro- 
cedure need clarification, a goal 
toward which researchers have 
worked for a number of years. 
To co-ordinate this research, rep- 
resentatives from seven countries 
founded the International Current- 
Meter Group (ICMG), in 1959. 
Under the chairmanship of Pro- 
fessor Gerber of the Swiss Federal 
Institute of Technology, Zurich, 
they established a research and 
development program. Members 
meet annually to review progress 
and to discuss the results, which 
are published by the National 
Engineering Laboratory at East 
Kilbride. Delegates to these meet- 
ings are interested in receiving 
information on current-meter per- 
formance or measurements of 
unusual interest. Contributions 
should be addressed to Dr. F. A. 
L. Winternitz, Secretary—ICMG, 
National Engineering Laboratory, 
East Kilbride, Glasgow. 
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And, Bernie is more than willing to share 
the work and the credit for forming an 
associates committee in Region II. He 
is with Federal Systems Division, IBM 
Corporation, Neighborhood Road, 
Kingston, N. Y. 

Region III. Includes Upstate New 
York, Eastern Pennsylvania down to 
Washington, D.C. This area, as Region 
II, contains large metropolitan centers, 
yet still contains no active RAAC. 
Those of you living in Region III in- 
terested in an active activities group 
contact Bob Heinzman, Therm Inc., 
Ithaca, N. Y. 

Region IV. Paul Halyard of the Mad- 
dox Founldry and Machine Works, 
Archer, Fa., is a new member on the 
Nationa Junior Committee and also is 
workingulp a Region IV Activities Com- 
mittee. Roy C. Robertson, Oak Ridge 
National Laboratory, Oak Ridge, Ten- 
nessec, ASME Region IV Vice-President, 
is also eager to form an associates com- 


mittee in the Region. If you live in the 
Southeast U. S. contact cither of these 
men. You'll get a good response. 

Region V. Ohio, West Virginia, 
Western Pennsylvania, and Central 
Michigan. Here our contact is John 
Dougherty, T. J. Barry Company, Park 
Building, Pittsburgh 22, Pa. As of this 
writing the RAAC is part of this Re- 
gion’s Membership Committee. And, 
a study is going on to find if an RAAC is 
needed in the Region. Unless the study 
turns up plenty of interest, there most 
likely will be no RAAC formed here. 
If you're young and virile and want a 
voice in both ASME and your profession, 
write to John Dougherty of your interest. 
Otherwise, forget it. 

Region VI. This territory wanders all 
over the Midwest, east of the Mississippi, 
extending from St. Louis up to Minne- 
sota, and includes Chicago and Louis- 
ville. Here we find the present bright 
spot in RAAC activities. A strong, 


active group has been functioning for 
several years. Presently, Edwin Men- 
denhall, Allison Division, General Mo- 
tors, 5442 University Avenue, Indianapo- 
lis, Ind., is chairman. Write to Ed for 
ideas about this group. 

Region VII. Encompasses seven states 
found on the banks of the Missouri and 
Red Rivers from Kansas City north. 
The simplest way to find out about your 
Region's activities here is to write to 
Merle E. Jansen, Central Electric & Gas 
Company, 144 South 12th Street, Lincoln, 
Neb. 

If you live in any of the remaining Re- 
gions, taking in the Mountain States, the 
Southwest or the West Coast, and are 
interested in information concerning the 
Regional Associates Activities Commit- 
tee, what it does, how to form a local 
branch, or other questions, get in touch 
with Paul R. Beswick, Secretary of the 
National Junior Committee, ITL Divi- 
sion, Itek Corporation, Lexington, Mass. 


ASME Boiler and Pressure Vessel Committee Meets in Charlotte, N. C., March 12—17 


Tue Boiler and Pressure Vessel Com- 
mittee of The American Society of Me- 
chanical Engineers met jointly with The 
National Board of Boiler and Pressure 
Vessel Inspectors in Charlotte, N. C., 
March 12 to March 17, inclusive, for its 
yearly out-of-town conference at the 
Barringer Hotel. 

Marcus B. Cortts, chairman of the 
ASME Piedmont-Carolina Section wel- 
comed the conference to Charlotte; 
this was followed by addresses by the 
Hon. James Saxton Smith, Mayor of 
Charlotte; the Hon. Frank Crane, 
Commissioner of Labor of the State of 
North Carolina; and the Hon. Thad 
Eure, Secretary of the State of North 
Carolina. 

Several of the subcommittees held 
meetings during this session, including 
the Subcommittees on Power Boilers, 
Heating Boilers, Unfired Pressure Vessels, 
as well as the Special Committee on 
Nuclear Power. These were followed 
the next day by the Main Committee 
meeting of the Boiler and Pressure Vessel 
Committee. The meetings were open to 
the public. Earlier in the week, con- 
ferences were held of The National 
Board of Boiler and Pressure Vessel 
Inspectors. 

One of the high points of the meeting 
was the presentation at the banquet 
Wednesday evening of certificates of 
promotion to Fellow grade in ASME to 
H. E. Aldrich, chairman of the Boiler 
and Pressure Vessel Committee, and to 
C. O. Myers, executive director of The 
National Board of Boiler and Pressure 
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Vessel Inspectors. Roy C. Robertson, 
ASME Region IV Vice-President, was 
present to congratulate Messrs. Aldrich 
and Myers. 

Another high light of the meeting was 
a group visit to the Allen Steam Station 
of the Duke Power Company in Belmont, 
N. C. This is a relatively new plant 
in partial operation since 1957, and it is 
expected to be operating at full capacity 
at the end of 1961 with the completion 
of its fifth power unit. W. B. Freeman, 
plant superintendent, and R. W. Olive, 
manager of steam production, a member 
of the Boiler and Pressure Vessel Com- 
mittee Subcommittee on Power Boilers, 


were responsible for this excellent tour. 

The ASME Boiler and Pressure Vessel 
Committee and The National Board of 
Boiler and Pressure Vessel Inspectors is 
indeed grateful to Region IV, Piedmont- 
Carolina Section, and the untiring efforts 
of the Planning Committee. S. F. 
Harrison, chief boiler inspector of the 
State of North Carolina, representing 
The National Board of Boiler and Pres- 
sure Vessel Inspectors, served as chair- 
man of the Planning Committee, and was 
assisted by co-chairmen W. H. Owen, 
for the ASME Piedmont-Carolina Sec- 
tion, and H. A. Maynard and M. W. 
Tall. 


CODES AND STANDARDS 
WORKSHOP 


Obituary 

H. E. Haxver passed away on Feb. 13, 
1961. Mr. Haller was President of the 
National Valve and Manufacturing Com- 
pany, 3101 Liberty Avenue, Pittsburgh 1, 
Pa. 


Errata 

“ASA B1.5-1952, Acme Screw 
Threads."’ The following errors have 
been called to our attention: In table 21, 
page 33, in the last column (5'’ Nom. 
Dia, 2 tpi), Internal Threads: Classes 


5C and 6C, Major Dia, min, change 
4.4963 to 4.9463; Class §C, Major Dia, 
max, change 4.5041 to 4.9541; Class 6C, 
Major Dia, max, change 4.5008 to 
4.9508. 

The Errata Sheet, dated February, 
1961, for B5.16-1960, Involute Splines, 
Serrations and Inspection, has been 
published and is available from the 
Order Department, The American Society 
of Mechanical Engineers, 29 West 39th 
Street, New York 18, N. Y. 
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ASME-EIC 
Elizabeth Hotel, Montreal, Que., Canada 


May 7-10, 1961 
Hydraulic 


Conference, 


Queen 


INTERNATIONAL CONFERENCE 
ON CREEP AND FRACTURE 


August 25-28, Hotel Biltmore, 
New York, N. Y. 


SponsoreD by The Institution of 
Mechanical Engineers (British), 
The American Society of Mechani- 
cal Engineers, and the American 
Society for Testing Materials, the 
1963 International Conference on 
Creep and Fracture, August 25-28, 
Hotel Biltmore, New York, N. Y., 
will present new ideas and informa- 
tion, and evaluate existing litera- 
ture on the elevated temperature 
mechanical properties of engineer- 
ing materials. The proposed cate- 
gories of papers that are to be 
considered for this conference are: 
A Fundamentals of Creep and 
Fracture 

1 Mechanisms—Atomistic, dis- 
location, material or metallurgical 
structure, etc. 

2 Plasticity Theory in Creep— 
Theoretical and experimental stud- 
ies in uniaxial or combined stresses. 

3 Studies in relaxation, ther- 
mal and mechanical cycling, rapid 
and dynamic creep. 

B Design Techniques for Creep 
and Fracture 

1 Criteria for design—Uniaxial 
and combined stress, thermal and 
mechanical cycling, relaxation, and 
creep behavior of Composite Ma- 
terials. 

2 Application and interpreta- 
tion of creep and fracture data 
information concerning particular 
materials short and long time tests 
and extrapolation of data 
C Service Experience in Creep and 
Fracture 

1 Correlation of service data 
with laboratory tests and methods 
of testing. 

2 Environmental  effects—oxi- 
dation, corrosion, ablation, ero- 
sion, radiation, etc. 

Offers of papers for this con- 
ference must be received no later 
than April 1, 1962, by: Mr. N. L. 
Mochel, Conference Secretary, 
Westinghouse Electric Corpora- 
tion, Steam Division, Lester 


Branch P. O., Philadelphia 13, Pa. 


J. D. 
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May 8-9, 1961 

Lubrication Symposium, 
Miami Beach, Fla. 

May 10-12, 1961 
ASME Production Engineering Conference, 
Royal York Hotel, Toronto, Ont., Canada 

May 22-25, 1961 
ASME Design Engineering Conference and 
Exhibit, Cobo Hall, Detroit, Mich. 

June 11-14, 1961 
ASME Summer Annual Meeting, Statler 
Hilton Hotel, Los Angeles, Calif. 

June 14-16, 1961 
ASME Applied Mechanics Conference, Illinois 
Institute of Technology, Chicago, III. 

June 19-21, 1961 
Heat Transfer and Fluid Mechanics Institute, 
University of Southern Calitornia, Los Angeles 
Calif. 


Deauville Hotel, 


August 28-30, 1961 
ASME West Coast Conference of Applied 
Mechanics, University of Washington, Seattle 
Wash. 
August 28-September 1, 1961 


Second International Heat Transfer Conference, 
University of Colorado, Boulder, Colo. 


> 


September 14-15, 1961 
ASME-AIEE Engineering Management Con- 
ference, Hotel Roosevelt, New York, N. Y. 


September 24-27, 1961 
ASME-AIEE National Power Conference, St. 
Francis Hotel, San Francisco, Calif. 


September 24-27, 1961 
ASME Petroleum Mechanical Engineering 
Conference, Muchlebach Hotel, Kansas City, 
Mo. 
October 4-6, 1961 
ASME Process Industries Conference, Sham- 
rock Hilton Hotel, Houston, Texas 


October 17-19, 1961 
ASME-ASLE Lubrication Conference, Mor- 
rison Hotel, Chicago, IIl. 


November 26-December 1, 1961 
ASME Winter Annual Meeting, Statler 
Hilton Hotel, New York, N. Y. 


(For Meetings of Other Societies, see page 124.) 


Note: Persons wishing to prepare a paper 
for presentation at ASME National mectings 
or Division conferences should secure a copy 
of Manual MS-4, ASME Paper,’ by 
writing to the ASME Order Department, 29 
West 39th Street, New York 18, N. Y. Price 
to nonmembers, 50 cents; to ASME members, 
free. Also available on request is a ‘Schedule 
of Program Planning Dates for Meetings and 
Publication Deadline Dates.’’ Ask for Form 
M&P 1315. 


ASME EXECUTIVE COMMITTEE 


A MEETING of the Executive Committee 
of the Council was held in the rooms of 
the Society on Friday, March 3, 1961. 
There were present: W. H. Byrne, 
President; D. E. Marlowe, H. N. 
Muller, L. N. Rowley, and R. B. Smith 
of the Executive Committee; W. H. 
Larkin, Director; G. B. Thom, Vice- 
President; E. J. Kates, Treasurer; O. B. 
Schier, II, Secretary; W. E. Reaser and 
Wilding, Assistant Secretaries; 
H. I. Nagorsky, Controller; and D. B. 
MacDougall, Associate Head, Field 
Service. 

Council. Resignation. The council ac- 
cepted with regret W. H. Larkin’s 
resignation as a Director of the Society ef- 
fective April 1, 1961, when he will be- 
come a member of the ASME Staff, and 
extends best wishes and success in his new 
endeavors. 

ASME Organization. Study. The Sec- 
retary reported that a meeting of the Ad 
Hoc Committee on the Study of the 
Society would be held early in March to 


permit a representative of Cresap, Mc- 
Cormick and Paget to review the draft of 
their final report. The final report 
should be available to the Organization 
Committee and the Council early in April. 

Member Gifts Campaign. Report. W. 
H. Larkin summarized the progress of 
the Society in its Member Gifts Cam- 
paign since Feb. 3, 1961. 

Tripartite Committee on Co-Ordination 
of Policies Relating to Private Practice 
of Engineering. ASME Representation. 
The Council approved the appointment of 
a representative to the Tripartite Com- 
mittee on Co-ordination of Policies 
Relating to Private Practice of Engi- 
neering. 

ASME Emblem. Permission to Use. 
The Council authorized the use of the 
ASME emblem on the cover of the 
brochure being prepared by the New 
York State Department of Commerce 
tentatively entitled ‘Keys to the Future 
—Research and Development in New 
York State.”’ 
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Fulton Monument. Repair. The 
Council voted to have Vice-President 
Thom request Harry R. Kessler to check 
the cost of such work as would be required 
to reinscribe the line on the bronze 
drawing of the Steamship Claremont on 
the Fulton Monument. 

Niels Bohr International Gold Medal. 
1961 Award. The Council approved the 
nomination of Dr. Edward Teller for the 
1961 Niels Bohr International Gold 
Medalfpresented by the Institution of 
Danish Civil Engineers for outstanding 
work for the peaceful utilization of 
atomic energy. 


Certificates of Award. Rubber and 
Plastics Conference. The Council author- 
ized the presentation of a certificate 
of award to George H. Billman of 
the Erie Section for outstanding efforts 
for the 1960 Rubber and Plastics Con- 
ference. 

Retiring Section Chairmen. Certificates 
of award have been prepared for the fol- 
lowing 1959-1960 Section chairmen: 
Marshall E. Bishop, Mid-Hudson; AI- 
fred F. Bochenek, Washington, D. C.; 
Leonard D’Ooge, San Francisco; Albert 
H. Figg, Canton-Alliance-Massillon; 
George W. Marshall, Florida; Peter W. 


ENGINEERING SOCIETIES 
PERSONNEL SERVICE, INC 
[Agency] 


Tuese items are listings of the Engineering 
Societies Personnel Service, Inc. This Service, 
which co-operates with the national socicties 
of Civil, Electrical, Mechanical, and Mining, 
Metallurgical and Petroleum Engineers, is 
available to all engineers, members or non- 
members, and is run on a nonprofit basis. 

If you are interested in any of these listings, 
and are not registered, you may apply by 
letter or résumé and mail to the office nearest 
your place of residence, with the understanding 


NEW YORK 
8 West 40 St. 


Men Available 


Chicago Office 

Project Manager, BSME; 42; ten years 
experience in heavy chemical-plant utilities and 
process design; four years development and 
design of construction equipment Economic 
evaluations, co-ordination of all phases of pro- 


jects, planning, and scheduling. $10,500. West 
or Midwest. Me 2133-Chicago. 
Mechanical Engineer, BSME; PE; 32; I1 


years’ experience in production-plant engineering 
including layout and fabrication of materials- 
handling equipment, R&D, and materials han 
dling for a chemical plant. $10,000. East, 
Midwest. Me-2145-Chicago. 


Project Manager, BSME; 36; three years’ 
experience co-ordinating design and fabrication 
of unique nuclear and space-age components 
plus ten years R&D field engineering in heavy 
equipment provides ability to direct your unusual 
projects and meet specifications, schedules, and 
estimates. $9500. U.S. Me-2146-Chicago. 


Chief Engineer, BSME; 53; 32 years’ experience 
in engineering design and maintenance field, 
rolling mills, brass and steel; also plant engineer. 
$20,000. Chicago area. Me-2147-Chicago. 


Director of Engineering, Chief Engineer, Plant 
Manager, BSCE; 34; successful engineering 
and/or plant management in firms producing 
dishwashers, disposers, clothes dryers, air con- 
ditioners, professional furniture, commercial, 
and residential lighting fixtures. Broad ad- 
ministrative experience in product development, 
production engineering, cost-reduction activities. 
Ten years’ responsible supervisory experience. 
$18,000. Immaterial. Me-2148-Chicago. 


Recent Graduate Mechanical Engineer, June, 
1961; 28; Veteran, married, prefers position 
in air-conditioning or refrigeration field. Eight 
years’ experience in air-conditioning and _ re- 
frigeration service and installation. Attended 

1 All men listed hold some form of ASME 
membership 
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CHICAGO 
29 East Madison St. 


that should you secure a position as a result of 
these listings you will pay the regular employ- 
ment fee. Upon receipt of your application a 
copy of our placement-fee agreement, which 
you agree to sign and return immediately, 
will be mailed to you by our office. In sending 
applications be sure to list the key and job 
number. 

When making application for a position 
include eight cents in stamps for forwarding 
application. 


SAN FRANCISCO 
57 Post St. 


air-conditioning and refrigeration school; also 
two years as machinist apprentice. One summer 
in industrial-planning department. Prefers Mid- 
west, but will go anywhere. Me-2149-Chicago. 


Maintenance Staff Engineer on Division or 
Plant Level; Superintendent of Maintenance or 
Consultant; BSME; 35; experienced in all 
phases of equipment and facilities design, con- 
struction, and maintenance in the chemical and 
processing industries. Specialized in introduc- 
tion of preventive maintenance, maintenance 
upgrading, and cost reduction. $13,000. East, 
Midwest, South. Me-2150-Chicago 


Chief Engineer or equivalent, BSME; 38; 
17 years’ varied experience in design and de- 
velopment; nine years in responsible charge of 
all engineering on extensive product line major 
manufacturer of light to heavy mechanical 
equipment. Licensed. $13,500. Will relocate. 
Me-2151-Chicago 


Meyer, Western Massachusetts; Richard 
Neuendorffer, New London; Lawrence 
A. Platt, Kansas City; Calvin E. Red- 
fern, Oregon; Thomas V. Reinaurer, 
Mid-Jersey; and C. L. Tansil, Jr., Sa- 
bine; and Marvin J. Moseley, Paducah 
Subsection of the Louisville, Section. 
Appointments. Presidential. E. J. 
Carraro, Washington Award Dinner, 
March 2, 1961, Chicago, Ill.; W. F. Ryan, 
The Massachusetts Institute of Technol- 
ogy Centennial Convocation, April 9, 
1961; and J. M. Todd, Inauguration of 
Tulane Univeristy President, April 15, 
1961, New Orleans, La. 


Mechanical Engineer, BSME; 29; three 
years’ experience in designing aluminum and steel- 
mill equipment; seven months in R&D depart- 
ment for structural steel company. Open. 
Midwest, South, and West. Me-2152-Chicago. 


Chief Engineer or Production Manager, 
BSME, MBA-Industrial Management; 38; 14 
years in production engineering, machine design, 
tooling, automation, and management Re- 
sponsible for planning of products through R&D 
to the finished article. Product lines include 
stable platforms, gyroseopes, metal stampings, 
appliances, and electromechanical devices. Six 
years’ experience engineering supervision. $13,- 
000. Midwest. Me-2153-Chicago. 


Mechanical Engineer, BSME; 30; three years’ 
experience with consulting-engineering firm de- 
signing heating, ventilating, air conditioning, and 
plumbing systems; six months’ experience in 
plant engineering for large smelter. $7000, 
minimum. Western U.S. Me-2154-Chicago 


Chief Mechanical Engineer, BSc, ME; 38: 
13 years’ experience consulting, contracting, 
heavy construction $10,000-$12,000. Chicago 
Me-2155-Chicago 


New York Office 

Sales Manager, Military Liaison Sales, ME, 
1948; 12 years’ experience military design, sales, 
contract administration, field-engineering services. 
Currently manager of military sales. $12,000. 
West, South, New England Me-930. 

Design and Development Engineer, BS (ME); 
6'/2 years’ experience in development engineer- 
ing; two years chief engineer in charge of design 


and development, metal fabricating. Holds 
patent, PE license. Prefers design of mecha 
nisms. $9600. East or West. Me-931 


Chief Engineer, Engineering Manager, grad- 
uate mechanical, 20 years’ experience in manage- 
ment, sales, and design of automatic machinery 
and machine tools. Proved creative leadership 
and management abilities. Desires change for 
greater challenge and growth. $18,000, minimum. 
Continental U.S. Me-932. 


General Manager or Director of Engineering, 
MS CE; 25 years’ experience in heat-transfer 
field including assignments as general manager, 


chief engineer, and sales manager. Thorough 
knowledge of power, petroleum, and chemical 
equipment. Open. Immaterial. Me-934. 


Representatives of engineering societies at the annual meeting of the San Francisco Advisory 


Committee of Engineering Societies Personnel Service, Inc. 
Bennet L. Raffin, ASCE, retiring chairman; 


Mem. ASME, newly elected chairman; 


Seated, left to right, are: Eric Salo, 
E. V. Noe, 


AIEE; and A.H. Meyer, executive director of ESPS. Standing, leftto right, are: Lauress L. Wise, 
ECSF; Heino Jogis, ASCE; W. Carl McCulloch, AIME; Morris Weitzner, SNAME; and Joseph R. 
Decker, manager of the San Francisco office of ESPS. 
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Mechanical Engineer, BME, MScME, E.I.T 

lic.; 25; three years’ experience teaching, 
development, research. Desires position in 
consulting, development, or technical administra Additional listings of positions and 
tion Prefers foreign or New England, but will men available are maintained in the 
consider relocating any — ond ) offices of E.S.P.S. Direct inquiries to 
nearest office. A weekly bulletin of 
oil company in sales, requisitions and spin-offs, engineering positions open is available 
budgets, market research, cost reduction and con- at a subscription rate of $4.50 per 
trol, and distribution. Also experience in consult- quarter or $14 per annum, payable in 
ing engineering, and design and production ex- d 

Lhe perience in mining and aircraft industries. $20,- advance. 

000. Northeast. Me-937. 


Maintenance Engineer, BSME; varied ex- 
perience with oil companies in project and 
maintenance engineering Knowledge of foreign 
nationals and ability to work with them. Travel 


co-ordinator, quality control, design co-ordinate 


> no objection. $10,000. Foreign. Me-938 installation, and operation of projects in metal 
products. Prefers Northwest, West Home: 
oe Mechanical-Design Engineer, six years Uni- Wash. $850. Se-1314. 


versity Extension; ten years’ experience in me- 
chanical field including: Research, development, 
mechanical design, electrical design, technical 
writing, sales, field engineering, and purchasing 
Registered PE. $8000, minimum R. I Me- 
939 


Project Engineer, mechanical; 34. Knowledge 
of design and construction of equipment and 
plants. Three years’ experience supervising 
sales, engineering, liaison plant and customer on 
technical problems, design conveyers, handling 
systems, weldments, pressure vessels, heat ex 
changers, estimate cost of production and ac 
cessory purchases. Experience in design layouts 
and arrangements for new and revised equipment, 
evaluate equipment, and assist in selection and 


Chief Engineer, graduate mechanical, 1'/2 
years as applications engineer on specialized 
gearing; 12 years R&D pertaining to portable 


electrical tools; 1!/2 years specialized die casting os - 
liaison; four years’ shop foreman. $15,000. writing of equipment specifications. Prefers 
. Middle Atlantic States. Me-940 San Francisco area. Home: N. Y. $10,000. 
s. Me-940. Se-1273 


Plant Manager-Chief Engineer, BME; 20 
years’ diversified experience engineering and 
management ranging from textiles, underwater 
sound, ultrasonics, and manufacture of vinyl 
plastic sheeting. Wide experience in basic re- 


Specification Writer, ME; 53. Experience 
includes contract purchases of technical and 
engineering facilities, engineering releases, ma- 
terial control. Any location. Home: Calif 


search, machine design, process’ industries. Se-1290 
c $15,000. Metropolitan N. Y. area, Westchester Sales Engineer, ME 29. Experience in 
Se County. Me-941. design of mechanical components on airborne 
‘ electronic countermeasure equipment Four 


Chief Engineer, valve manufacturing, BSChE; 
14 years’ experience in design and development of 
valve products and specialties including hand 
operated, control, ball, plug, regulator, and relief Production Manager, ME; 44. Managerial 
valves. $15,000. East Coast. Me-942. experience in design of fire alarin systems, com- 
putors, new industrial products. Prefers San 
Francisco Th area. Home: Mich. $11,500 


years’ sales experience. Prefers San Francisco 
Bay area. Home: Calif. $9000. Se-1267 


Production-Management Engineer, BME 1950, 


7 ‘ 28 credits toward MBA; heavy thermoplastics se-1264 
and rubber processing. $10,000 minimum. Se-126 
East. Me-$43. Director, 48; reg. P. E. in Calif.; 21 years’ 


administrative experience and executive ability 
in valves, measurement, control and safety de- 
vices, tank equipment, hydraulic, pneumatic 
devices, and other industrial pipeline equipment 


Mechanical Engineer, MME; 20 years’ de- 
sign/development of automatic and _ process 
machinery including board layouts, shop draw- 


: ings, and field installations. $10,500. Metro- 

e politan New York. Me-944 related to petroleum, gas, marine, chemicals, 
< power, sewage, and nuclear atomic power. 
28 _Plant, Maintenance and or Construction En- Supervisory experience includes creating, design, 
e gineer, BSME; 32 years’ wide experience in all metallurgy, R&D, all phases of manufacturing, 

a these fields acknowledged administrator, large specifying and approving machine tools, purchas- 

“ or small plants and constructions, all utilities, ing, material control, production planning and 
’ powerhouses, heating, ventilating, conditioning, scheduling, and manufacturing operational costs 
oe equipment, liaison, management, ete. $10,000 and__ selling _—s prices Any location Home: 

S.A. Me-945 Calif. $500. Se-1250. 

Plant Superintendent or Engineering Manager, Sales, Maintenance, 37, 15 years’ experience in 
BSME, nine years’ experience in $100 mm sales, maintenance and production. Past three 
metallurgical plant, operations and maintenance years in industrial sales of machine tools, pre- 
ore drying-grinding equipment, reduction fur- cision inspection, and tooling equipment Prefers 
naces, gas producers, also design and construction San Francisco Bay area. Home: Calif. $650 
Business experience independent engineering, 800. Se-1245. 


consulting, and agricultural venture Fluent 
English and Spanish. Open. Immaterial. Me 
946 


Plant Engineer, ME; 38, 11 years’ experience 
including industrial maintenance and construc 
tion, cost-reduction programs, establish process 
San Francisco Office labor and materials studies Prefers San Frap- 

: cisco Bay area or Northern Calif. Home: 

Sales Engineer, ME, 44. Sales experience in Calif. $14,000. Se-1221 
aluminum, cutting tools, industrial-process con- 
trols. Prefers San Francisco Bay area a West Sales Administrative, ME; 46. Over seven 
Coast. Home: Conn. $12,000. Se-145 years’ experience in sales, engineering, adminis- 

: trative, and management in sales training, 

Plant Engineer, ME; 36 _Ten years’ varied organizing, staffing, directing, supervising sales 
plant-engineering experience in heavy industry force. Prefers San Francisco Bay area. Home: 
including plant layout, construction, building Calif. $12,000—-$20,000. Se-1220 
maintenance, plant utilities, machinery layout, 


4 cost estimates, specification writing, purchasing Junior Engineer, ME; 24. Three years’ ex- 
practices Prefers Southwest U S. Home: perience as Air Force civil engineer. One year 
oe Md Se-1427 each as planning, construction, and maintenance 
engineer Some experience as student engineer 
_ Chief Engineer, ME, 45, 14 years’ experience in steam-power plant. Prefers West Coast 
in oil, gas, related including pump stations, Home: Calif. $575. Se-1215 
ne 4 power-station buildings, piers and marine load- P 
aa « ing equipment, mechanical engineer on field con- Sales Engineer, ME; 31 Two years’ ex- 
A struction of utilities and prices. Fluent Spanish. perience in sales, preparation quotations, and sub- 
by Prefer Central, South America. Home: Vene- mittal of data on performance, maintenance, 
zuela. Se-1358. installation, and use of equipment; assisted in 
special design problems on industrial heat, 
: Sales Engineer, mechanical; 43; 15 years ventilating equipment. Prefers San Francisco 
experience selling various types of mechanical Bay area. Home: Calif. $8000. Se-1205. 
equipment and supplies including process ma- 
chinery for chemical and metallurgical industries, Production, Maintenance Engineer, 58, 30 
4 jet and turbine pumps, mechanical agitators to years’ experience in planning, production, and 
a wholesalers, retailers, and industrial users maintenance including steam-electric plants, 
: Prefers San Francisco Bay area. Home: Calif maintenance of streets, sewage, water, electrical, 
a $700. Se-1346. and fire protection systems. Prefers San Fran- 


cisco Bay area. Home: Calif. Se-1196. 


Plant, Production Engineer, ME, 37. Seven 


: years’ supervisory experience including develop- Sales, Design, Estimating, ME; 46. Over 
ment of new products, field operation and de- three years’ experience in design, drafting, 
- velopment of equipment, maintenance, safety specifications, estimating, bidding, sales, pur- 
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chasing for air conditioning, heating, ventilating 
work. Prefers Pacific Coast. Home: Calif 
$600. Se-1460. 


Positions Available 


Chicago Office 


Mechanical-Hydraulic Design Engineer, 25-40, 
for a newly established, well-capitalized organiza 
tion engaged in design and development of 
patented mec hanical-hydraulic telemetry de 
vices. Company seeking qualified engineers to 
serve as a nucleus of development group. $8,000 
$12,000. Texas. C-8612 


Machine-Design Engineer, mechanical grad- 
uate, preferably to 45; to initiate and follow 
through on design of automated assembly equip 
ment to replace present hand-assembly methods 
Three to five years’ experience in design of auto 
matic machinery for feeding and assembly of 
miniature and small parts essential. Some shop 
experience helpful. $9500-$12,000. Company 
pays fee. Chicago, Ill. C-8570. 


Mechanical-Systems Engineers, BS or MSME; 
seven to ten years’ experience in as many of 
the following areas as possible: (a) Experience 
in the design and development of propulsion 
system and knowledge of various types of 
prime movers, including small diesel and gas 
turbine engines; (>) design and development ex- 
perience with high-speed rotary machines; 
(c) servo-system analysis experience Duties 
will include applied R&D in the advanced de 
velopment group on advanced engine-driven, 
electric-propulsion systems. These drives will 
be applied to several types of vehicles in the 
range of 100 hp and up. $9000-$12,000. Com- 
pany pays fee. Southern Wis. C-8342 


Maintenance Engineer, marine equipment, 
graduate marine or mechanical engineer, to 40, 
at least four years’ experience in maintenance of 
marine equipment to guide efforts of main- 
tenance crew repairing heavy barges and tows 
May consider applicant more or less experienced 
in marine equipment. $8,000-$10,000. Com- 
pany will negotiate fee. Forty miles southwest 
of Chicago, Ill. C-8323 


New York Office 

Engineers. (a) Production supervisor, at least 
five years’ supervisory fabricating experience 
covering heavy welded machinery bases and 
structures. $8000-$10,000. (b) Welding en 
gineer, design, production, and inspection experi- 
ence covering welded structures and equipment. 
$7000-$9000. (c) Welding foreman, experience 
in fabricated steel plant. $7000-$9000. Sub 
stantial profit-sharing bonus N. J. W-241. 


Sales Engineer, mechanical or chemical grad- 
uate, process-equipment sales experience, to sell 
filters and separators to paper, food-processing, 
and chemical industries. Open. New England 
W-237. 

Engineers. (6) Senior project engineer, grad- 
uate mechanical, experience in design, develop- 
ment of machinery to create new manufacturing 
techniques feasible for conversion to automation. 
Experience in electric motors, lighting com- 
ponents, material handling, etc. from creation of 
idea and equipment through design, installation 
and production (c) Electromechanical engi- 
neer, graduate mechanical, minimum of three 
years’ experience of design, drafting, and me- 
chanical-development work Will design, de- 
velop, and follow up to completion necessary 
plantwide equipment and facilities. Salaries: 


$8520-$10,632. (c) $7044-$8124. Pa. W- 


en (a) Systems engineer, 25-35, 
graduate mechanical or electrical, two to five 
years’ experience in static and dynamic develop- 
ment, including analysis of servo systems. Most 
desirable background would include systems 
which utilize electrohydraulic servo-valves, 
pistons, motors, pumps, servo amplifiers and 
transducers. $9000-$11,000, plus profit shar- 
ing (6) Methods (manufacturing) engineers, 
28-40, graduate mechanical or industrial, familiar 
with the details of manufacturing methods for 
precision machined parts. Should also be 
familiar with tooling, fixtures, precision-machining 
processes and precision- gaging processes. $8000- 
$9000, plus profit sharing. (c) Prototype en- 
gineer, 25-32, graduate mechanical or electrical, 
minimum of two years’ background in hydraulics 
or electronics necessary Experience in design, 
instrumentation, controls Familiarity with 
missile-type hardware and military specifications 
desirable. $8500-$11,000, plus profit sharing. 
Upstate N. Y. W-226. 


Maintenance Engineer, graduate mechanical 
or electrical, to 40, experienced in maintenance 
and evaluation of the operation of large housing 
projects Estimate heating, plumbing, electrical 
systems, costs, for repair and improvement. 
Prepare specifications and write reports. Some 
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travel through N. Y., N. J., and New England. 
$ New York, N. Y. W-219. 


Project Engineer, about 35, graduate me- 
chanical, practical and theoretical experience in 
the design and fabrication of steel-plate and 
structural members. Must be able to write 
specifications calling for the bending of steel 
plate and also welding; should be able to run 
preliminary stress analyses on fabricated plates 
and beams. Company manufactures construc- 
tion equipment of various types. $9000—$12,000. 
Northern N. J. W-212. 


Director R&D, graduate, to organize and start- 
up an R&D department for a large toy manu- 
facturer. Must have broad knowledge in the 
plastic field, i.e., injection molding and some 
electromechanical experience. $12,000—-$15,000. 
New York, N. Y. W-208. 


Senior Design Engineer, mechanical graduate, 
at least five years’ supervisory automatic and 
production-machinery experience including ma- 
chine tools and automation of assembly line 
covering small motors and _ electromechanical 
products. $12,000-$15,000. Pa. W-207 


Engineers. (b) Tool engineer, graduate me- 
chanical, minimum of three years’ experience, to 
take functional specifications and translate them 
into design specifications. Manufacturing proc- 
esses include machining, welding, and various 
processes. To $10,800. (c) Manufacturing 
engineer, graduate mechanical or metallurgical, 
to follow and trouble shoot a component or 
components through the manufacturing process 
which may include machining, welding, related 
processes. To $10,800. Pa. W-199. 


Teaching Position for Department of Me- 
chanical Engineering. Master's degree required; 
heat-transfer emphasis desired. Salary and rank 
dependent upon qualifications and experience. 
New England. W-195. 


Project Engineers, graduate mechanical, 35-45, 
ten years’ experience in the design of steam-electric 
generating stations for established consulting 
engineer. Make all calculations and specifica- 
tions for equipment, controls, and installation 
contracts. Client contact. Ownership oo 
tion later. $10,000-$15,000. One New 
York, N. Y.; one for Chicago, Ill. W-191. 


Designer, graduate mechanical, seven to ten 
years’ experience in the design of heating and 
ventilating systems for industrial and commercial 
$10,000—-$11,000. New York, N. Y. 

-176. 


Engineers. (a) Chief engineer, seven years’ 
experience in the design of die-casting tools and 
dies and to make sound workable designs of tooling 
based on good die-casting practices. Supervise 
subcontracting of tool and die work. Plastics 
experience in this field considered. $12,000-— 
$15,000. (b) Tool-room supervisor to take 
charge of 35—40 tool and die makers. Experience 
in die casting or plastics field required. Ad- 
ministrative and scheduling work for practical 
and economical methods. $10,000-—$12,000. 
Northern N. J. W-172. 


Product Devel t Engi » BSME or 
BSEE, to be responsible for development of new 
products through design, development, and 
market testing. Will supervise new product 
developments through liaison with engineers and 
through contacts with architects and contractors 
on job to explore need for new or improved 
product. Company manufactures fasteners and 
hardware items in metal and plastic. $10,000- 
$15,000. N. J. /-171. 


Teaching Position in Department of Mechanical 
Engineering; PhD required, specialization in the 
fields of mechanical-engineering vibrations and 
stress analysis; must be interested in research in 
these fields. Teaching duties will be at under- 
graduate and graduate (MSc) level. Teaching 
_— desirable but not necessary. Canada. 
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Senior Product Development and Research 
Engineer, graduate mechanical, at least ten 
years’ design, product development, and re- 
search experience on office-composing equipment. 
$12,000. Northern N. J. W-162. 


R&D Engineer, MS preferred in mechanical 
engineering, strong background in design of 
equipment for steam-power and instrumentation 
fields. Capable of being assigned directly to the 
development of new products. Must be highly 
creative or inventive. $9500-$10,000, plus 
bonus. Eastern Pa. W-158 


Instructor for Mechanical Engineering Depart- 
ment, interested in and qualified in the fields of 
manufacturing and industrial engineering. At 
least MS with PhD preferred. Opportunity for 
a man with progressive ideas as a new manu- 
facturing and industrial-engineering laboratory 
is to be built. Rank and salary dependent upon 
experience and ability. N. Y. State. W-145. 


MECHANICAL ENGINEERING 


Sodium Reactor Technology 

Tue Atomic Energy Commission will 
conduct an unclassified symposium on 
Sodium Reactor Technology on May 
24-25, 1961, at Lincoln, Neb., in co- 
operation with the Consumers Public 
Power District. All persons interested 
in sodium reactor technology are invited 
to attend. 

The purpose of the symposium is to 
acquaint industry representatives with 
the status of research, development, con- 
struction, and operation of sodium cooled 
nuclear reactors and supporting tech- 
nology. 

The symposium will be held in the 
Pershing Municipal Auditorium, starting 
at 8:00 a.m., May 24, and concluding at 
about noon, May 25. The symposium 
agenda include sessions on the status of 
sodium cooled reactor projects, the de- 
velopment work and studies being con- 
ducted, and a panel discussion on present 
and future sodium reactor programs. 

While the closing date for advanced 
registration is May 1, 1961, registrations 
will be accepted at the door. The 
registration fee, which includes lunch- 
eons on both days, a banquet, and a tour 
of the Hallam Nuclear Power Facility, 
is $10. Overnight accommodations will 
be arranged if requested. 

Inquiries and advanced registrations 
should be sent to: Mr. Charles Sayre, 
Consumers Public Power District, 1401 
“‘O”’ Street, Lincoln, Neb. 


Solid State Mechanics 

THe many recent changes in various 
fields of engineering have made essential 
a broad, up-to-date knowledge of mate- 
rial behavior in the design of machines, 
structures, and other engineering de- 
vices. 

Therefore a Seminar on Solid State 
Mechanics has been scheduled at Penn 
State, which will be held June 11 to 23 
at The Pennsylvania State University. 

Joseph Marin, Mem. ASME, professor 
and head of the Department of Engineer- 
ing Mechanics at Penn State, said the 
course is planned for research, design, 
and materials engineers in industrial, 
governmental, and educational institu- 
tions, as well as for metallurgists, physi- 
cists, and chemists engaged in various 
aspects of materials science. 

Detailed information may be obtained 
from the Conference Center, The Pennsyl- 
vania State University, University Park, 
Pa. 


Underwater Acoustics 

AN INTRODUCTION to underwater acous- 
tics at the graduate level, including sound 
propagation in the ocean, transducers, 
and methods of underwater acoustic 
measurements will be provided in The 
Pennsylvania State University’s Under- 
water Acoustics Seminar to be held at 
University Park, Pa. June 18 to 23. 
V. M. Albers is chairman of the seminar. 

A detailed brochure is available by 
writing to the Conference Center, The 
Pennsylvania State University, Univer- 
sity Park, Pa. 


Controls of Many Kinds to Be 
Discussed at Second JAC 
Conference 


Automatic control has been the 
prime subject of two committees’ 
discussions the past several 
months. The two committees, 
stecring and program, are joint 
groups from five technical societies, 
including ASME, AICHE, AIEE, 
IRE, and ISA, working toward a 
common goal—a first-rate 1961 
Joint Automatic Control Con- 
ference. 

To be held June 28-30 at Boulder, 
Colo., the second joint conference 
will reflect a consensus of what's 
best in control, hammered out in 
various meetings since last Sep- 
tember’s first successful effort at 
M.I.T. Basis for decisions was 
123 abstracts submitted to the 
JACC program committee by those 
who want to present papers. 

Sessions will mix papers from 
various societies that fall in the 
same general areas. Among many 
others, themes include: Hydraulic 
and pneumatic control, process 
dynamics, and special topics in 
control. Headed by H. M. Payn- 
ter of M.I.T., the program com- 
mittee has selected the most 
promising suggestions for session 
papers. 

Meanwhile, the steering com- 
mittee, led by R. K. Adams, 
ISA, is co-ordinating out-of- 
session activities that include a 
women's program and a banquet. 
For advance programs of the JACC 
meeting, write to Meetings Mana- 
ger, Instrument Society of 
America, 313 Sixth Avenue, Pitts- 
burgh 22, Pa. And make your 
registration early, room space in 
Boulder will be at a premium be- 
cause of vacationers. 
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THE application of each of the candidates listed 
below is to be voted on after May 25, 1961, pro- 
vided no objection thereto is made before that 
date and provided satisfactory replies have been 
received from the required number of references. 
Any member who has either comments or objec- 
tions should write to the Secretary of The Ameri- 
can Society of Mechanical Engineers immediately. 


New Applications and 
Promotions 


Alabama 

Doty, JAMEs W., Sheffield 

RicHarp E., Huntsville 
WESTERVELT, FRANK H., Jr., Sheffield 


Arizona 

Hoentic, Stuart A., Tucson 
McCoy, Jor, Tucson 
SeaMEs, ALBERT E., Tucson 


Arkansas 
Apams, HucGu L., Bassett 


California 

CONSTABLE, ALFRED F., Panorama City 
DaNeEBY, Ray G., San Bruno 
DHARMARAJAN, SANGIAH N., San Diego 
Jounson, Ropert R., Burlingame 
KaAscHUBE, GUNTHER A., San Francisco 
NOVOBILSKI, JoHN A., Panorama City 
@®Prowett, Ropert H., La Canada 
SACKMAN, JEROME L., Berkeley 
SANDERS, FrepericK A., San Francisco 


Colorado 


O., Lakewood 
@SHEDA, RAYMOND M., Denver 


Connecticut 


Buck, Ricwarp S., Hartford 
Gorr, RANDALL, Weston 
HILLMAN, OTHELLO M., Stanford 
HocuMvuTH, FRANK W., Windsor 
Davip J., Milford 
WARREN, Epwarp L., Shelton 
WEAVER, VINCENT P., Waterbury 


Delaware 
Wick, Herpert E., Newark 


Florida 


Crow, B., Gainesville 
SNIDER, F., Pompano Beach 


HONEYCHURCH, FRANK E., Aiea 
®Manony, Joun W., Honolulu 


Iinois 

ForsyTH, DonaLp W., Chicago 
HINTERBERGER, HENRY, Chicago 
JENNINGS, JOHN R., Downers Grove 
Jounson, Epwarp A., Chicago 
KUGLER, CALVIN N., Palos Heights 
Meyers, Perry S., Wayne City 
NEISES, JOHN Chicago 

SKAWSKI, FLoyp J., Villa Park 
SMITH, VERNON L., Western Springs 
Indiana 


GERALD P., Indianapolis 
FITZGERALD, JamMEs T., East Chicago 


DeBarrre, Davip D., Lamoni 
HucGues, Russet A., Kellerton 
SWENSON, DONALD E., Ames 


Kansas 
Rocers, A. C., Jr., Wichita 


Kentucky 
JouHN L., Paducah 


Louisiana 


BARNWELL, JosepH H., Ruston 
IRLAND, FRANK W., Shreveport 


Maryland 


CrLancy, THaMAS M., Takoma Park 
@McDanie_, WeyMouTH N., Baltimore 
@Vicek, Josern F., Annapolis 


@Promotion to Member or Affiliate 
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CANDIDATES 
FOR MEMBERSHIP AND 
TRANSFER IN ASME 


Massachusetts 


BRYANT, RicHaArp C., Lynn 

Drx, ROBERT W., Wilmington 
GREENE, ARNOLD H., Newton 
Hopkins, WALTER, Amherst 

PARENT, LucreN A., Fairview 
RIcHTER, DENNY G., Wilbraham 
RoussgAvU, RAYMOND A., New Bedford 


Michigan 


@®Braun, Evcene R., Royal Oak 
®Fosrer, RicHarRD W., Jackson 
JAIN, NAROTTAN L., East Lansing 
Jr., C., Jackson 
Ma, BENJAMIN M., Ann Arbor 
Maruor, Satya P., Ann Arbor 
®Roco, Casimir, Detroit 


Missouri 
GUTMANN, Paut F., Jr., St. Louis 


Nebraska 
®PrETERSON, JOHN W., Omaha 


New Jersey 


GvueErsTER, RENE L., Millville 
HAGEMAN, WALTER, Scotch Plains 
Haw_ey, Georce F., Bogota 
Krucer, Irvine D., Haddonfield 
RasuHip, ABDUL, Jersey City 
Scott, RicHarp D., Camden 
@SmirH, Rospert I., Newark 


New Mexico 
@®Busn, Epcar D., Jr., Los Alamos 
New York 


JoHN R., Jr., Hicksville 
Batscu, CLirrorD L., Wellsville 
BENNETT, THOMAS E., New York 
Bouwarta, JosernH J., Centereach L. I. 
BOLSINGER, RicHarRD D., Schenectady 
FINNEGAN, JAMES R., New York 
@Fitzroy, Nancy D., (Mrs.) Schenectady 
GEIER, JOHN W., Yonkers 

GrBe_MaNn, Micuaet A., Brooklyn 
HATSELL, Kerra C., Montour Falls. 
RicHarp R., New York 
IRWIN, ARTHUR S., Jamestown 

Le Frois, Josern H., Rochester 
MEBAN, RICHARD L., Scotia 

NAGEL, Cart E., Jr., Mamaroneck 
Nrxon, James I., Jr., Schenectady 
O’TooLe, MARTIN F., Great Neck 
Dace E., Delmar 

Sece., Leonarp, Buffalo 

Se.ixorr, WILL1AM, Buffalo 

@Sutton, Henry C., Jr., Halesite, L. 1 
Tice, Epwarp A., New York 
TROELLER, LAURENCE C., Elmhurst 
®Voss, Joacum W., Forest Hills 
Wirey, Rosert F., Corning 


North Carolina 
Bocpon, LAWRENCE J., Winston Salem 


Ohio 


Davin C., New Richmond 
Dorsett, LeEonarp §., Alliance 
@Fisuer, EUGENE F., Jr., Vandalia 
Frirzscu, GUENTHER D., Canton 
@Havur, Joser, Massillon 
Hontiovus, HaRovp B., Dayton 
AvBert A., Cincinnati 
@PLEeBAN, EuGENE J., Cleveland 
@SLAYBAUGH, RICHARD M., Toledo 
Supp, E., Xenia 

Wetrty, Ricwarp C., Akron 
@®Perry, M., Akron 
TuRNER, Rosert E., Cincinnati 


Oklahoma 


Bescacy, Bert E., Bartlesville 
Georce W., Tulsa 


Pennsylvania 


CARLSTEDT, RAGNAR L., Latrobe 
CATANACH, WALLACE M.., Jr., Easton 
CHEVALIER, CHARLES E., University Park 
@Esernarpt, Harry A., III, King of Prussia 
Ropert A., Philadelphia 

Hook, J., Erie 

@®Huston, ALFrep B., Erie 

@®Paxvis, ADRIAN, Pittsburgh 

RaBas, Tuomas J., Lester 

@Sprec_er, JoHN, Bradford 

@®THompson, Gorpvon V., Pittsburgh 
THORN, Donan E., Bethel Park 


South Carolina 


ALEXANDER, Davin C., Hartsville 
Gray, James C., Greenville 
Taomas D., Lugoff 


Tennessee 


Lunn, E., Nashville 
@0’Connor, WILLIAM M., Chattanooga 
@PANNELL, MELVIN C., Knoxville 
ROBINSON, ALLAN M., Memphis 


Texas 


BLAcKwoop, H., III, Orange 
DRAKE, Jimmy W., Dallas 
ELORRIAGA, PETER, JR., Houston 
GREENE, THOMAs J., Beaumont 
LEvoskyY, JOHN M., Port Neches 
MARTINEZ, EUGENE P., Beaumont 
Li, K. Y., San Antonio 

STEWART, RANDOLPH J., Port Arthur 
WILSON, FRIEND A., Beaumont 
Woop, D., III, Garland 
Wricat, Josernu F., Houston 


Virginia 


Hevms, Tuomas C., Lynchburg 
@Lronarpy, Sipney P., Lackey 
RENCSOK, CHARLES F., Hampton 


Washington 


ALLEN, D., Spokane 
NATU, KASHINATH R., Spokane 
PATERSON, STEWART, JR., Bellevue 


West Virginia 
Eppy, Cuarves E., Weirton 


Wisconsin 


McFappen, Davip B., Milwaukee 
JouN F., Hales Corners 


Foreign 

Brirss, RONALD J., Toronto, Ont., Canada 

Brown, WiLi1AM G., Ottawa, Ont., Canada 

Connor, Joun A., Kent, England 

Das, Manoj B., Mannheim, West-Germany 

De La Cruz, Parroctnio F., Sampaloc, Manila, 
P. i. 


De Leon, Carvos S., Jr., Bulacan, P. I. 

DESBAILLETS, Jacgues A., Montreal, Que., 
Canada 

Docken, Gorpvon C., Toronto, Ont., Canada 

FELARCA, SILVERIO L., Manila, P. I. 

Gupta, KRIsana, S., Jodhpur, India 

Haines, Joun L., Islington, Ont., Canada 

HavaM, Brian J., Montreal, Que., Canada 

LanrrRi, Baropa K., Nagada, India 

Lee, Micnaet B. P., Manchester, 
England 

MARANAN, VIRGILIO R., Makati Rizal, P. I. 

Novak, Jeno C., Kingston, Jamaica, BWI 

PADLAN, PaBLo L., Bulacan, P. I. 

Quinones, JUAN R., Makati Rizal, P. I. 

SwIeTANSKI, JouN S., Toronto, Ont., Canada 


Lancs., 


OBITUARIES 


William E. Beggs (1889-1959), president, W. 
E. Beggs, Inc., Seattle, Wash., died, October, 
1959. Born, Denver, Colo., Feb. 27, 1889. 
Parents, William A. and Nettie A. Beggs. 
Education, high school. Married Ruby Clarke, 
1911. Mr. Beggs formed his own mechanical- 
contracting company several decades ago. He 
had formerly been a partner, from 1922 to 1933, 
in the University Plumbing and Heating Co., 
Seattle. He specialized in heating, ventilating, 
and power plants throughout his career, which 
beganin 1908. He was then a journeyman steam- 
fitter with the Seattle Heating and Plumbing Co., 
but soon after became foreman in charge of 
construction with Adams and Moffat Co. Later, 
after a period in Calgary, Alta:, Canada, with 
Lonquet and King Co., engineers and contractors, 
he rejoined Adams and Moffat to take charge of 
business for a year in Victoria, B. C. From 
1914 to 1921, he was an engineer with the Carna- 
tion Milk ProductsCo. Mem. ASME,1929. He 
worked on the ASME committee interested in 
engineering registration. He was a member of 
ASHRAE and the Engineers Club of Seattle, 
and was a registered professional engineer in 
Washington State. 


James Ivan Brennan (1882-1958?), consulting 


engineer, U. S. Government, Athens, Greece, 
died about three years ago according to a notice 
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received recently by the Society. Born, Pitts- 
burgh, Pa., Nov. 9, 1882. Parents, James 
Joseph and Elizabeth Seraphe (Dugal) Brennan. 
Education, DS, Duquense Univ., 1925; Hon. 
PhD, Louvain Univ., Belgium, 1928. Mr. 
Brennan served as a consulting engineer at 
various times during the course of his career, 
both for the U. S. Government and for the City 
of Pittsburgh. For several years, he also was 
chief engineer of the Crucible Steel Company of 
America, Pittsburgh, where he had charge of the 
design, construction, and maintenance of all 
properties. During World War I, he was an 
officer and instructor in special field schools. 
After his discharge in 1919, he resumed his former 
post with the Crucible Steel Co., but discontinued 
this to become managing engineer of the City of 
Pittsburgh. At the city’s request, he supervised 
all of its departments for five years, declining an 
offer of another term in 1927 to resume his con- 
sulting practice in public works and industrial 
projects. This extended to several major 
projects abroad, leading to his work in Athens, 
Greece, on public projects. He authored 
numerous project reports and was granted 
several patents. He held the Order of Leopold, 
the War Cross, and the Order of the Crown from 
Belgium; the Croix de Guerre from France; 
and the Victory Medal and the Purple Heart 
from the U.S. Government. Assoc-Mem. ASME, 
1911; Mem. ASME, 1917. He was a member of 
the Society of American Military Engineers, and 
a fellow of the American Association for the 
Advancement of Science. 


Frank Shaw Clark (1882-1961), retired con- 
sulting engineer, South Pasadena, Calif., died 
Jan. 17, 1961. Born, New Orleans La., May 4, 
1882. Parents, Walton and Alice Maud (Shaw) 
Clark. Education, CE, Pennsylvania Military 
1901; BS(ME), Univ. of Pennsylvania, 
1904. Married Marie Victoire de osset, 
1907. Mr. Clark was an engineer with Stone and 
Webster Enineering Corp., Boston, Mass., 
since 1912. He became a consulting engineer 
there on steam power station layout and re- 
search in 1926. Some of his work in that capacity 
included surveying and reporting on power supplies 
for organizations such as the Virginia Electric 
and Power Co., Norfolk, Va.; the Southern 
California Edison Co., Long Beach, Calif.; 
the El Paso Electric Railway Co., El Paso, 
Texas; the Puget Sound Power and Light Co., 
Renton, Wash., and many others. He advised 
many of these companies on the general design 
features of their power stations. Mr. Clark also 
worked up cases and testimony for hearings 
before the public service commissions and for 
various courts in connection with lawsuits and 
cases involving commission hearings. These 
included coal-dust nuisance cases, and an arbritra- 
tion case involving the Blackstone Valley Gas and 
Electric Co. versus the Rhode Island Power 
Transmission Co. A constant researcher in power 
production and supply, he attended the World 
Power Conference in Berlin in 1930, and for two 
months afterward traveled through Europe to 
study the art of power generation as it was 
practiced abroad. Before joining Stone and 
Webster, he worked with several other Ohio 
firms, among them The Cincinnati Traction Co., 
the Ft. Wayne and Wabash Valley Traction Co., 
and the Ohio Electric Railway Co. He authored 
numerous articles for the technical press. Assoc- 
Mem. ASME, 1909; Mem. ASME, 1912; 
Fellow ASME, 1938. He served on the ASME 
Boiler Code Committee for about 20 years. He 
presented a paper entitled ‘“‘The Effect of Large 
Boilers at High Capacities on Investment and 
Operating Cost’’ at the 1929 ASME Annual 
Meeting. He held membership in The Franklin 
Institute, the Edison Electric Institute, and the 
Engineers Club of Boston. He was a registered 
professional engineer in the Commonwealth of 
Pennsylvania. 


Edward James Coline (1928-1960), develop. 


ment engineer, Hood uber Co., Watertown, 
Mass., died, Jan. 15, 1960. Born, Lowell, 
Mass., June 4, 1928. Education, BS(ME). 
Lowell Technological Institute, 1954; MS, 1956 
Mr. Collins worked with Hood Rubber Co 
since graduating in 1956. Assoc. Mem. ASME, 
1956. He is survived by his wife. 


Robert Craig (1876-1960), consulting engineer 
and patent attorney, Maplewood, N. J., died, 
March, 1960. Born, Galt, Ontario, Canada, 
May 24, 1876. Parents, William and Jessie 
E. (Sommerville) Craig. Education, ME, Univ. 
of Minnesota, 1897. Naturalized U. S. Citizen, 
Minneapolis, Minn., 1902. Married Carrie Swift, 
1903; children, William S., Robert S., and 
Richard A. Craig. A specialist in scales, weigh- 
ing machinery, and gas engines, Mr. Craig 
designed and developed a line of scales, pitless 
automobile turntables, adjustable screw presses, 
and portable floor cranes. He gained his early 


knowledge in the field during college vacations, ' 


working on gas engines and weighing scales. 
After graduating, he spent a few years working on 
gas and steam engines with several companies, and 
then went to Europe in the summer of 1900 to 
study gas and oil engines in factories and at the 
Paris Exposition. Returning to the States, he 
went to work with Fairbanks, Morse and Co., 
St. Paul, Minn., for three years, and then went 
with A. F. Chase and Co., Minneapolis, selling 
and servicing Maxwell and Olds automobiles. 
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Later, he moved to Los Angeles, Calif., where he 
had his own shop, doing oxy-acetylene welding, 
general machine work, and manufacturing. t 
was at this time that he designed his own line of 
special machinery, which soon went on the market. 
In 1918, he came east again to develop automatic 
scale inventions for the Computing Scale Co. of 
America. From 1924 to 1925, he was a con- 
sulting engineer specializing in patent causes in 
Dayton, Ohio; and in 1926, ame a patent 
attorney in New York, where he was associated 
with Cooper, Keer and Dunham. Assoc-Mem. 
ASME, 1918; Mem. ASME, 1924. He was a 
member of Sigma Xi, National Scale Men's 
Association, The Franklin Institute, SAE, and the 
Dayton Engineers Club. 


Max Eldon De Armond (1936-1960), trainee, 
Allis-Chalmers Mfg. Co., Milwaukee, Wis., 
died, Milwaukee, Sept. 21, 1960. Born, Joplin, 
Mo., Feb. 24, 1936. Education, attended 
Kansas State Teachers College; ME, Georgia 
Institute of Technology, 1957. Assoc. Mem. 
ASME, 1957. 


Le Roy Adolph Droescher (1900-1960), 
vice-president, C. H. Wheeler Mfg. Co., Phila- 
delphia, Pa., died, Oct. 5,1960. Born, Baltimore, 
Md., Feb. 15, 1900. Parents, Arthur John and 
Lena Caroline Droescher. Education, attended 
Baltimore Polytechnic Institute and Lehigh 
Univ. Married Julia E. Suwall, 1923; children, 
Kathleen R. and i“ C. Droescher. Mr. 
Droescher joined C. Wheeler Co. in 1923 asa 
test engineer on hy development of steam-jet 
airejectors and heat-transfer equipment. In 
1929, he became manager and chief engineer of 
the marine and industrial and process-vacuum 
equipment department, becoming vice-president 
upon the death of Mr. Wheeler. Mr. Droescher 
co-authored the section on steam-jet airejectors 
for volume two of “Marine Engineering,” a 
textbook. He held a patent on a vacuum- 
cooling apparatus. The U. S. Navy Bureau of 
Ships awarded him its certificate of commendation 
in 1947. Mem. ASME, 1946. He worked on the 
ASME Test Code for Cooling Towers. He was 
a member of The Franklin Institute, The Society 
of Naval Architects and Marine Engineers, the 
Society of Naval Engineers, and the American 
Oil Chemists Society; and worked on the Heat 
Exchange Institute Technical and Research 
Committee. He was a registered professional 
engineer in the State of Pennsylvania. 


Henry Beveridge Duffus (1897-1960), accident- 
prevention administrator, Industrial Relations 
Div., Westinghouse Electric Corp., Pittsburgh, 
Pa., died, Nov. 23, 1960. Born, Perth, Scotland, 
Sept. 29, 1897. Education, graduate, Bliss 
Electrical School, Washington, D. C., 1923; 
attended Northeastern Univ. Since his gradua- 
tion from the electrical school in 1923, Mr. 
Duffus worked with Westinghouse in various 
capacities, also making special contributions in 
the field of industrial safety. Beginning as an 
engineering tester, he advanced to assistant fore- 
man of test operations for automotive electrical 
equipment, and in 1927 was appointed supervisor 
of inspection and tests in a new plant for manu- 
facturing commercial radio equipment. At the 
same time, he became safety engineer for the 
plant, continuing in this capacity throughout his 
later position as supervisor of production and 
engineering tests of the company’s Small Motor 
Division. He ame safety engineer for the 
East Springfield operation in 1936, and in 1941 
took over this service for the entire corporation. 
He was appointed manager of the accident- 
prevention service in 1947, the administrator of 
accident prevention, co-ordinating corporation 
policies, in 1953. He served as a consultant to 
safety engineers and plant management at 92 
plants and shops. For the last two decades, he 
wrote about two articles a year for trade and 
safety publications. He was a former editor 
of Newsletter, National Safety Council Section. 
Mem. ASME, 1955. He presented a paper on 
““Mechanical Lanes of Safety’’ at the ASME 1940 
Annual Meeting in New York; and one on 
“Standards for Safer Material Handling Slings 
Developed Through Coordinated Engineerin 
at the 1954 Semi-Annual Meeting in Pittsbur 4 
He was a member and second vice-president of the 
American Society of Safety Engineers; chairman 
of the Safety Standards Board and of Z16 and 
Bll Standards Committees of the American 
Standards Association; member of the Industrial 
Conference of the National Safety Council; 
and a past vice-president and board-of-directors 
member of the Western Pennsylvania Safety 
Council. From 1936 to 1941, he was a special 
agent for the U. S. Department of Labor for the 
conservation of manpower in U. S. industry. 


Everett Owen Eastwood (1876-1960), pro- 
fessor-emeritus of mechanical engineering, Univ. 
of Washington, Seattle, Wash., died, Dec. 15, 
1960. Born, Portsmouth, Va, Feb. 5, 1876. 
Parents, Matthew D. and Mary Anne (Thornton) 
Eastw . Education, CE, Univ. of Virginia, 
1896; BS, 1897; AB and AM, 1899. 
Massachusetts Institute of Technology, 1902. 
Married Nelle Dorothy Halliwell, 1905; children, 
Emily Louise Eastwood Bunker, and Mary 
Elizabeth Eastwood Ashford. Professor East- 
wood was a member of the University of Washing- 
ton faculty since 1905, when he joined it as 


assistant professor of mechanical engineering. 
Advancing through associate professor to pro- 
fessor, he became head of the mechanical engineer- 
ing department. He also was consulting engineer 
for the university, as well as its director of 
aeronautical engineering, 1930-1946, and its 
director of civil-aeronautical training. During 
World War I, he was in charge of special training 
courses for marine engineers, U. S. Shipping 
Board, and naval ensigns, Naval Recruitin; 
Service, at the university. Professor Eastw 
also conducted a private practice and was prom- 
inent in various business enterprises. Before 
going to the University of Washington, he was an 
instructor in mechanical engineering and naval 
architecture at Lehigh University, Bethlehem, 
Pa. He had also previously been connected 
with the science department of the Bureau of 
Construction and Repairs, Washington, D. C., 
and the Fore River Shipbuilding Co., Quincy, 
Mass. From 1896 to 1900, he was a fellow in 
astronomy at the University of Virginia. He 
was an Associate editor on the magazines Heating, 
Piping and Air Conditioning, Combustion Engi- 
neering, and Engineering and Finance. Mem. 
ASME, 1914; Fellow ASME, 1936. He was 
vice-president of ASME, 1911-1913, and Presi- 
dent, 1924-1925. He was elected a manager of 
ASME in 1923. In 1919 and 1920, he served as 
a delegate from the ASME Washington Section, 
and as a member of the ASME Nominating 
Committee. He was a charter member of that 
section, was on its executive committee, and 
served as its secretary-treasurer. He was ASME 
representative on the American Engineering 
Council. He was a former vice-president and 
chairman of the board of directors of the Uni- 
versity National Bank, Seattle, Wash. He held 
membership in Sigma XI, Tau Beta Pi, and 
ASHRAE. 


Joseph H. Fisher (1916-1960), supervisor of 
engineering, Mutual Chrome Division, Solvay 
Process Division, Allied Chemical Corp., Balti- 
more, Md., died, Nov. 18, 1960. Born, Balti- 
more, Dec. 2, 1916. Education, graduate, 
Baltimore Polytechnic Institute, 1945; Johns 
Hopkins Univ. Mr. Fisher worked as a design 
engineer with various chemical companies 
throughout his career. Beginning with Davison 
Chemical Co., Curtis Bay, Md., in 1939, he 
later went with Revere Copper and Brass ‘Co., 
and then with the Chemical Pigment Co., a 
division of Glidden Co., as a mechanical-design 
engineer in the manufacture of paint pigments. 
In 1951, he became a plant engineer with the 
National Gypsum Co., Baltimore, manufacturer 
of wall board and plaster. Before going with 
Allied Chemical, he was a design engineer with the 
Mutual Chemical Co., Assoc. Mem. ASME, 1953. 
Surviving is his wife, Betty. 


Charles von Hoffmann Foulds (1894-1960), 
ar engineer, Portland, Ore., died, July 
23, 1960. Born, Berkeley, Calif., June 30, 
1894. Parents, John Evans and Mary Augusta 
(Frick) Foulds. Education, BS, Univ. of 
California, 1916. Married Adarhyle Verne 
Cambers, 1917; children, Barbara Verne and 
John Charles. Mr. Foulds was a specialist in 
power-plant and heavy-machinery application, 
design, and manufacture. His profession took 
him to many parts of the world. From 1916 to 
1932, he was an engineer with a Pelton Water 
Wheel Co., San Francisco, Calif. After a 
period doing general design work for the company, 
he was sent to Norway to take charge of installing 
seven 4500-hp water-wheel units for an aluminum 
plant. He went to India in 1920 to take charge 
of similar but larger installations, and also spent 
some time in British Columbia before returning 
home in 1925 to become executive engineer in 
charge of the company’s engineering activities. 
He directed research work to improve the 
efficiency of impulse-type water wheels that led 
to the development of general laws by which 
highly efficient units were constructed. He 
became manager in 1929. He left this work in 
1932 to take a position with the Public Works 
Administration as an examining engineer, and 
then went with Placer Management, Ltd., as a 
consulting hydraulic engineer. In this post, he 
directed the design and purchase of hydroelectric 
plants for New Guinea and Colombia, S. A. 
For a number of years, he also worked as a 
consulting engineer with Empresa de Energia 
Eléctrica, Medellin, Colombia. He held 
numerous patents on hydraulic equipment and 
air-blast circuit breakers. Assoc-Mem. ASME, 
1919; Mem. ASME, 1930. He was a member of 
the Engineer’s Club in San Francisco, and a 
licensed civil engineer in the State of California. 


Dudley Kimball French (1881-—1960?), retired 
consulting engineer, died recently according to a 
notice received by the Society. Born, Chicago, 

1881. Parents, Harry Dudley and 

Mable (Kimball) French. Education, 
attended Univ. of Chicago. Married Helen M. 
Nind, 1910; children, Margaret and Katherine. 
Mr. French was a consultant in power develop- 
ment and industrial-water treatment since 1932. 
He had previously m associated with the 
Dearborn Chemical Co., as a chemical director, 
and with the Commercial Testing and Engineer- 
ing Co., Chicago, Ill., as a chemical engineer. 
He _ contributed several articles to technical 
publications, and held a patent for a cleaning and 
protective oil. Mem. ASME, 1928. He worked 
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on the ASME Boiler Code, and was a member of 
the ASME Boiler Feedwater Studies Research 
Committee. He was a member of the American 
Chemical Society, ASTM, The American Water 
Works Association, and the American Institute of 
Consulting Engineers. 


Wilhelm Gumz _ (1901-1961), mechanical 
engineer, Steinkohlen-bergbauverein, Essen, Ger- 
many, died, Jan. 22, 1961. Born, Rombach/ 
Lorraine, France, May 21, 1901. Education, 
ME, Karlsruhe and Darmstadt, 1924; PhD, 
Berlin Engineering Univ. Dr. Gumz materially 
influenced developments in furnace construction 
in the last 20 years through his scientific work 
in fuel technology and gasification of solid fuels. 
Early in his career, he participated in the develop- 
ment of the high-pressure Benson boiler at the 
Siemens-Schuckert works in Berlin. Later he 
was chief engineer and then general manager of 
the Air Preheater Co., Berlin, and then went with 
the Heidelberg Power Co. In 1939, he joined 
the coal industry in research on coal utilization 
with the Steinkohlenbergbauverein in Essen, the 
research center of the Ruhr coal-mining industry. 
He also was editor of Feuerungstechntk, a technical 
magazine devoted to fuel-utilization problems, 
from 1936 to 1944. Coming to the U. S. A. in 
1947, he did research on coal gasification and 
carbonization at the Trenton, N. J., laboratories 
of Hydrocarbon Research, Inc., New York, 
until 1949. After spending a period as a consult- 
ant at Battelle Memoriall nstitute, Columbus, 
Ohio, he then returned to the Steinkohlen- 
bergbauverein. He authored a dozen books and 
more than 100 papers on problems of pulverized 
coal firing, gasification, combustion, corrosion, 
slag formation, air heating, heating-value calcula- 
tion, and competition between oil and coal 
Among his books is ‘“‘Gas Producers and Blast 
Furnaces,’’ published in New York in 1950. He 
was credited with a number of patents. Mem. 
ASME, 1950. He was an active participant in 
sessions of the ASME Fuel Division during his 
years in the U. S. He was a member of 


A. 
Verein Deutscher Ingenieure (VDI) 


Walter Matthew MHausel, (1892-1961), 
mechanical engineer, Breesport, N. Y., died, 
Jan. 24, 1961. Born, Astoria, L. I., N. Y., 
August 26, 1892. Education, graduate, Pratt 
Institute, 1914. Mr. Hausel worked to improve 
plant economy through industrial studies of time, 
methods, and labor costs. With the Chevrolet 
Motor Co., Tarrytown, N. Y., from 1918 to 
1922, he was production and equipment engineer, 
eventually taking charge of production control 
and cost reduction. He helped to standardize 
workmanship and reduce costs as a supervisor at 
Western Electric Co., New York City, from 1923 
to 1927, and then joined Ford, Beacon and Davis 
Inc., New York, where he made industrial 
surveys for plant and manufacturing improve- 
ments. Assoc.-Mem. ASME, 1918; Mem. 
ASME, 1930. 


Ragnar Axel Hummel (1886-1959), president 
and general manager, Lone Star Cement Corp., 
New York, N. Y., died, August, 1959. Born, 
Torsjo, Sweden, Sept. 11, 1886. Education, 
ME, Chalmer Univ., Gothenburg, Sweden, 
1907. Naturalized U. S. citizen, Illinois, 1919. 
Mr. Hummel was associated with Lone Star 
Cement Corp. for several decades. A worker in 
steel foundries during his early carreer in this 
country, he became a designer and assistant works 
manager with The American Steel Foundries, 
Granite City, Ill., on sand-handling and automatic 
molding machiner. He spent a period in 1913 
and 1914 as a designer with the Chicago Harbor 
and Subway Commission, and then went with the 
LaSalle Portland Cement Co., LaSalle, IIl., 
where he was later placed in charge of the engineer- 
ing department and field work. He designed and 
supervised the erection of mill buildings and 
steel structures. In 1918, after a period with the 
Bates and Rogers Construction Co. of Chicago, 
he went to Argentina to take charge of a cement 
piant for the International Cement Corp., and 
later became superintendent of a plant in Cayo 
Mason, Cuba, and vice-president and manager of 
a plant in Brazil. Then he returned to New 
York to be vice-president of engineering and 
management for the corporation. He was 
director of the Argentine Portland Cement Co., 
the Uruguay Portland Cement Co., the American 
and Foreign Power Co., Inc., and Carey-Baxter- 
Kennedy. He was vice-chairman of the U. S. 
International Council and director of the Pan- 
American Society of the U. S. Mem. ASME, 1922. 


Dickson Edward Krebs (1934-1961), planning 
officer, U. S. Navy, San Francisco, Calif., died, 
Jan. 24, 1961 Born, Orange, N. J., May 21, 
1934. Education, attended Rensselaer Poly- 
technic Institute; ME, Univ. of Missouri, 1957. 
Assoc. Mem. ASME, 1957. 


Kenneth Lockett (1880-1961), maintenance 
engineer, Department of Public Works and Build- 
ings, Division of Highways, State of Illinois, 
died, Dixon, Ill., Jan. 20, 1961. Born, Chicago, 
Iil., Oct. 24, 1880. Education, BS(ME), 
Massachusetts Institute of Technology, 1902. 
Mr. Lockett was an engineer with the Illinois 
State Highway Department for about 12 years. 
He also had spent part of his career working on 
railroads and _ special machinery, including 
conveyer systems, fire protection systems, and 
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equipment. Among the companies 
or whom he worked, were the Chicago Car 
Wheel and Foundry Co.; Adams and Schwab, 
consulting engineers of Chicago; the Electrical 
Installation Co. of Chicago; and the Acme 
Match Co., Roanoke, Va. He became vice- 
president of the Orr and Lockett Hardware Co. 
in 1910, dealing in general hardware. Jun. 
ASME, 1904; Assoc-Mem. ASME, 1907; Mem. 
ASME, 1913. Surviving is a brother, Harold, of 
Aldie, Va. 


Thomas E. Major (1910-1960), chief engineer, 
MeNeil Machine and Engineering Co., Akron, 
Ohio, died, Oct. 8, 1960. Born, Peninsula, Ohio. 
Jan. 20, 1910. Education, ME, Univ. of Akron 
1932. Mr. Major joined the Summit Mold 
and Machine Co., which later became the McNeil 
Machine and Engineering Co., in 1937. He 
started as chief draftsman and engineer in charge 
of the design of tire and tube vulcanized equip- 
ment. In 1943, he was an assistant chief engineer 
in development, field engineering, and rubber 
curing machinery, later becoming chief engineer 
for the company. He held an earlier position 
from 1928 to 1937 with the dyear Tire and 
Rubber Co., Akron. Mem. ASME, 1952. 
He was a registered PE in the State of Ohio. 


J. John McGee (1889-1960), retired mechanical 
engineer, Quebec, Canada, died, Dec. 25, 1960. 
Born, Montreal, Canada, April 21,1889. Parents, 
Patrick J. and Mary (Coyle) McGee. Education, 
high school. Married Margaret Carmody, 
1923; children, Rita, John, James, Francis, 
Gerald, and Robert. Mr. McGee was a drafts- 
man with the Canadian Pacific Railway Co., 
Montreal, Canada, from 1925 to 1954, when he 
retired. He specialized in machine and tool 
design. From 1913 to 1925, he held a number of 
Positions as a designing draftsman with other 
Canadian companies, among them the Montreal 
Light, Heat and Power Co., Ltd.; Canadian 
Vickers Co., Ltd.; and the Harbour Commission 
of Montreal. Assoc-Mem. ASME, 1924; Mem. 
ASME, 5. 


James Smith Merritt, Jr. (1896-1961?), 
manufacturer's representative, Philadelphia, Pa., 
died recently according to a notice received by 
the Society. Born, Abington, Pa., May 31, 
1896. Education, attended Univ. of Pennsyl- 
vania. Mr. Merritt served as a manufacturer's 
representative in the sale of coal and ash-handling 
equipment since 1919. For a number of com- 
panies, including the Brooke Engineering Co., 
Inc.; United Conveyer Corp.; and The Fairfield 
Engineering Co., he surveyed existing facilities 
and made preliminary designs in preparation for 
installing this equipment. Mem. ASME, 1956. 


Thomas Robert Hoysted Murphy (1884- 
1961), retired industrial consulting engineer, 
formerly with The Mead Corp., Dayton, Ohio, 
died, Jan. 24, 1961. Born, New Brighton, 
Cheshire, England, Sept. 16,1884. Parents, John 
Michael ‘and Anne Caroline (Hoysted) Murphy. 
Education, BS, Rutgers Univ. Naturalized U. S. 
citizen, Brooklyn, N. Y. Married Margaret 
Brooks, 1910; p+ Pa Margaret Marie, Patricia 
Brooks, Thomas Stepben, and Catherine Aylmer. 
Married 2nd, Marie Counsellor, 1948. Mr. Murphy 
was a specialist in the management of pulp and 
paper manufacturing properties. He was con- 
sulted on the design and construction of many 
paper mills, including newsprint and paperboard 
mills,in Canadaandthe U.S.A. Asan operating 
engineer, 1906-1914, with Joseph H. Wallace 
and Co., Ltd., consulting engineers in New York 
City, he helped to introduce the sodium-sulfate 
process in the U. S. A. while a resident engineer 
with the Roanoke Rapids Mfg. Co., Roanoke 
Rapids, N. C. The Roanoke mill was the first 
mill in this country to demonstrate commercially 
the use of Southern Pine wood for sodium-sulfate 
(kraft) pulp and paper, and the first mill in 
North America to use the diffusion system of 
washing pulp. It was the forerunner of the vast 
kraft pulp, paper, and paperboard industry of 
the southern U. S. Mr. Murphy became vice- 
president of Joseph H. Wallace and Co., Ltd., in 
1914. By 1916, he was again actively consulting 
on pulp mill design. After a period with the 
Engineering and Development Co., Dayton, 
Ohio, he joined the Mead Investment Co., an 
affiliate of The Mead Corp., with offices in 
Dayton; New York City; and Toronto, Mon- 
treal, Canada. He held a series of positions with 
the company until his retirement. During that 
part of his career, he was consulted on paper mills 
that were designed and built in North Carolina, 
Tennessee, Virginia, Florida, and various parts 
of Canada. Jun. ASME, 1911; Assoc-Mem. 
ASME, 1916; Mem. ASME, 1935. He was a 
member of the Engineering Institute of Canada 
and the Technical Association of the Pulp and 
Paper Industry (TAPPI), and was a registered 
professional engineer in the states of New York 
and Connecticut. He is survived by his wife, 
Marie; his son, and three daughters; step- 
mother, Mrs. Ada Murphy, Washington, D..C.; 
six sisters, Mrs. Julia Richards, Miss Elizabeth 
Hoysted, and Miss Winifred Mury, all of New 
York, Mrs Christopher Smiles, Wilton, Conn., 
Mrs. Harry Crooks, Baltimore Md., and Mrs. 
Dorothy Hall, Washington, D. C.; a brother, 
Bernard Murphy, New York City; nine grand- 
children, and four great-grandchildren. 


James Morgner Reynolds (1924-1960), field 


service engineer, Automatic Transmission Div., 
Ford Motor Co., Livonia, Mich., died, April 26, 
1960. Born, Detroit, Mich., March 15, 1924. 
Education, BS(ME), Michigan State College, 
1948. Before joining the Ford Motor Co., Mr. 
Reynolds was a motor-equipment engineer with 
the Michigan Bell Telephone Co., Detroit, 
Assoc-Mem. ASME, 1948. Surviving is his 
wife, Mary Lee, Birmingham, Mich. 


John M. Riordan (1884-1961), president 
Riordan Machinery Co., Detroit, Mich., died 
Jan. 23, 1961. Born, Brighton, Mass., Jan. 8, 
1884. Education, Armour Institute course and 
correspondence. Mr. Riordan began his career 
in 1901 doing machine shop work on the con- 
struction of complete automobiles. He worked 
first with the Crest Mfg. Co. and then with the 
Peerless Motor Car Co., for whom he later took 
charge of the service department. With the 
Fellows Gear Shaper Co., Springfield, Vt., from 
1912 to 1915, he traveled through the middle 
western United States taking up problems of 
gear and gear-case design on installations of 
many types of machinery from cream separators 
to elevators and coal mining equipment. In the 
following years he worked with the Grant Lees 

o., Cleveland, Ohio, and then became general 
manager of The Cleveland Planer Co., and later 
of The Vahan Products Co., manufacturer of 
automobile motor parts. Mem. ASME, 1921. 


William Burton Sanders (1893-1961), pro- 
fessor of mechanical engineering, Purdue Univ., 
died, Jan. 10, 1961. Born, Wellington, IIl., 
Dec. 2, 1893. Parents, Robert Hayes and Minnie 
Amelia (Ferry) Sanders. Education, BS(ME), 
Purdue Univ., 1919; MSME, 1922. Married 
Emma Christina Nehrig, 1915; children, William 
Burton and Elizabeth Louise. Professor Burton 
began teaching at Purdue University in 1918. 
At that time he had a background as a teacher in 
the Mecca (Indiana) public schools, and as an 
engineer in power plants with the Indiana Rail- 
way and Light Co., Kokomo, Ind., and the 
Studebaker Corp. He was an instructor in 
physics at Purdue until 1920, when he began 
teaching applied mechanics there. In 1925, he 
became an assistant professor of applied mechanics 
and chemical engineering, rose to associate 
professor in 1931, and to a_ professorship in 
engineering mechanics in 1944. He was co- 
ordinator of research projects in engineering 
mechanics at Purdue since 1945. A registered 
PE in Indiana, he also was a consulting engineer. 
Mem. ASME, 1947. He was a member of the 
American Society for Engineering Education, 
Tau Beta Pi, and Theta Tau. 


William Andrew Schmid (1902-1960), vice- 
president, City Product Corp., Chicago, IIl., 
died, November, 1960. Born, Cincinnati, Ohio, 
Sept. 6, 1902. Education, ME, Univ. of Cin- 
cinnati, 1926. A specialist in refrigeration, Mr. 
Schmid began working as a draftsman with the 
City Ice and Fuel Co., Cincinnati, in 1923, but 
soon became an assistant engineer on the design 
of refrigeration plants in St. Louis for the 
company. He returned to Cincinnati in 1927 to 
work with the Ball Ice Machine Co., a subsidiary 
of City. Starting as an erection engineer, he 
rose through the ranks to become vice-president 
of the company in 1943. As vice-president, he 
was in charge of engineering for a year, then 
moved to New York to take charge of eastern 
operations, but went back to Chicago in 1946 to 
be in charge of national retail-commercial opera- 
tions. He made technical contributions to 
MECHANICAL ENGINEERING and to Power 
magazine. Assoc.-Mem. ASME, 1926. Mem. 
ASME, 1946. 


Harry Edwin Stevens (1934-1961?), graduate 
student, Rensselaer Polytechnic Institute, Troy, 
N. Y., died recently according to a notice received 
by the Society. Born, Albany, N. Y., Sept. 29, 
1934. Education, BME, Union College, 1956; 
attended Wayne State Univ., Detroit, Mich Mr. 
Stevens was briefly with E. I. du Pont de Nemours 

Co., Inc., Niagara Falls, N. Y., before 
joining the U. S. Air Force in 1957. Assoc. 
Mem. ASME, 1960. 


Robert Elgie Sykes (1907-1960), director of 
research, Electric Sprayit Co., Sheboygan, Wis., 
died, Nov. 21, 1960. Born, Bowling Green, 
Ohio, July 23, 1907. Education, extension 
courses, Battle Creek College and Notre Dame 
Univ. Mr. Sykes was a designer of air com- 
pressors and pumps, working in that field through- 
out his career with a number of companies. 
Before joining the Sprayit Co, he was chief 
engineer in charge of production, sales, and re- 
search engineering department with The De 
Vilbiss Co., Toledo, Ohio. He began his career 
in Battle Creek, Mich., with the Union Steam 
Pump Co., as a pump designer and mechanical 
engineer, and between then and 1950 held a 
series of positions as chief and mechanical 
engineer with companies in Indiana, Illinois, 
and New York. Among these were the Dodge 
Mfg. Corp., Mishawaka, Ind.; the Fairbanks 
Morse and Co., Chicago, IIl.; the Yeomans Bros. 
Co., Chicago and the Rumsey Pump Co. Ltd., 
Seneca Falls, N. Y. From 1939 to 1940, he 
developed a line of centrifugal pumping equipment 
as president of Sykes Pumps, Inc., Chicago. 
He held a patent for an electrical control system. 
— ASME 1943. Surviving is his wife, 

uth. 
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Hours: 

12:00 noon to 5:30 pm, Monday, 
Wednesday, Thursday; 12:00 noon 
to 10:00 pm, Tuesday 

Registration: 
Admittance to the 1961 Design 
Engineering Show is by registration 
only. There is a registration fee of 
$2.00, payable only at the registration 
desk in Cobo Hall. 
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Panel 


How a Car Is Planned and Engineered With 
Marketing, Purchasing, Manufacturing, and 
Quality-Control Considerations, by Wéall Scott, 
executive director of Central Product Planning 
Office, Ford Motor Car Co., Dearborn, Mich. 
na Designing for Function and Cost Objectives, by 
Herbert M. Bevans, executive engineer—Chassis, 
/ d Electrical, Truck Section, Engineering Div., 


¢ 


Chrysler Corp., Detroit, Mich. 


| . 
Production Engineering as It Affects Car Design 
and Sales, by Conrad F. Orloff, assistant chief 
| engineer, Production Engineering Department, 
Chevrolet Motors Div., General Motors Corp., 


Detroit, Mich. 

Role of the Supplier in Meeting Competition, by 
Carl E. Burke, chief development engineer, Ameri- 
can Motors Corp., Detroit, Mich. 


PROGRAM IN BRIEF 


Designing for Today's Competitive Market 

Producibility—Designing for Production .. 
61—MD-1... By C. E. Warner and R. L. 
Berg, General Electric Company, Schenec- 
tady, N.Y. This paper appears in con- 
densed form in May, 1961, MECHANICAL 
ENGINEERING. 


‘Manufacturing — Key to Saving 

Automatic Equipment — Speeds Production 

Glass and Ceramics — Offer New Design Possibilities 
High-Strength Steel — Impact of Recent Development 


Materials Standardization to Reduce Costs 
..61—MD-2...By Gerald L. Swartwood, 
The Bryant Electric Company, Bridgeport, 
Conn. 


The raw-material standardization pro- 
gram employed at the author’s company 
is described. The program is directed 
mainly toward raw material used for 
punch-press parts, such as strip and coil 
stock, metals, and fibers. 

As a result of the program, 1569 raw- 
material items were reduced to 708 at 
that company over a three and one-half 
year period. 

Savings were found in four main cate- 
gories—price reduction, order processing, 
inventory carrying charges, and scrap al- 
lowance. Included are complete savings 
formulas. 


Motors — Economics and Applications 
Production — Cost-Saving Hints 
Adhesives — For Metal Bonding 

Cost Analysis — Fasteners and Powder Parts 


Plastics — Unusual Behavior 
Dynamics — Damping and Gears 
Lubrication — Molydisulfides as'an Answer 
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with your order to ASME Order Depart- 
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free coupons, or coupons purchased 
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cuits for Servo Controlled Machinery.. 
61— MD-3...By Robert K. Sedgwick, 
Kearney and Trecker Corp., Milwaukee, 

Wis. 

Machines designed for numerical con- 
trol or for mechanical-analog control de- 
rive their accuracy from the control 
hardware. Thus, each element in the 
train of command must match the capa- 
bilities of every other element. 

It is generally recognized that the hy- 
draulic method of machine operation 
offers the best possibilities. Hydraulic 
motors can deliver a wide range of power 
input, accelerate at fantastic rates, and 
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make a stiff link between control and 
machine load. 


The author explains why a compari- | 


son of constant-displacement pumps and 
pressure-compensated variable-displace- 
ment pumps seems to favor the latter. 


He also discusses size of ports and pas- _ 


sages, details of hydraulic-motor appli- 
cation, amount of oil under compression, 
and filtration. 


Which Drive — Electric, Mechanical or — 


Hydraulic? ..61—MD-4...By George W. 
Younkin, Giddings and Lewis Machine 


Tool Company, Fond du Lac, Wis. This © 
paper appears in condensed form in May, | 


1961, MECHANICAL ENGINEERING. 


Ceramic Materials: A Chemical and 
Structural Description ..61—MD-5... By 
Marvin G. Britton, Corning Glass Works, 
Corning, N.Y. 


Ceramic materials are either glassy, or 
crystalline, or a combination of both. 
Thus a great variety of useful properties 


can be achieved. These include transpar- | 


ency, translucency, dielectric strength, 
low thermal expansion, and, in the com- 
pletely crystalline alumina, exceptionally 
high strength. 

By controlling the porosity of the 
glasses, a wide range of properties can 
be obtained and the elastic modulus of 
porous aluminum oxide can be made to 
range from 12.5 to 43 million psi. By 
combining metals and glasses, such as 


nickel aluminide, materials having unique | 
combinations of properties are achieved; | 


for example, aluminides with a bend 
strength of 100,000 psi at 1000 C. 

The author describes various ceramic 
materials and concludes that in the fu- 
ture, design engineers will be able to 
develop designs exploiting the unusual 
properties of these materials. 


Glass and Ceramics in Machine Design .. 
61— MD-6...By John R. Blizard, Mem. 
ASME, Corning Glass Works, Corning, N. Y. 
This paper appears in condensed form in 
May, 1961, MECHANICAL ENGINEERING. 


Steels—Part 1, Materials. 
61—MD-7... By R. A. Lula, Assoc. Mem. 
ASME, Allegheny Ludium Steel Company, 
Pittsburgh, Pa. 


High-Strength Steels—Part II, Design and 
Fabrication ..61—MD-8... By Richard H. 
Marvin, Mem. ASME, The Budd Company, 
Philadelphia, Pa. 


High-strength materials are those with | 


a high unaxial tensile strength to density 
ratio. 


| 
| 


The development of high-strength | 


steels is reviewed in these two pages, and 


the metallurgical and mechanical aspects _ 
of these materials are discussed. By 


some specific examples, it is shown how 


high-strength cold reduced stainless 
steels and precipitation hardenable steels 
are being used. Several examples of | 
structures designed and fabricated in- 


those materials are discussed. The ex- 
amples cover structures that are designed 


principally for compressive loading or | 


primarily for tensile loading. 


Electric Motors at Higher Temperatures — 


for industrial Usage ..61—MD-9.. 


. By 


Frank C. Rushing, Mem. ASME, Westing- | 


house Electric Corporation, Buffalo, N. Y. 

The principal function of the electric 
motor is to produce rotating torque. It 
converts electrical energy into mechani- 
cal energy with some loss going into 
heat. Heat produces temperature rise, 
which affects motor-insulation life. Limi- 
ted insulation life is a critical factor in 
motor design and application. For many 
years there were economic and technical 
limitations to major usage of motors 
with insulation temperatures above 
Class A (105 C hot spot) levels. Now, 
there is a rapidly expanding scope of 
available higher temperature materials. 


Higher temperature motors are increas- | 


ing in usage, stimulated by economies 
realizable through weight and size reduc- 
tions. It is well under way and will even- 
tually displace the old Class A standards. 


Synchronous Motors ..61—MD-10... By 


Application of Non-Excited © 


J. P. Landis, Mechanical Development | 
Laboratory, E. |. du Pont de Nemours and | 


Company, Inc., Wilmington, Del. 


The polyphase induction motor has | 


long been the work-horse for machine 
drives. Its extreme simplicity, ruggedness, 
low cost, compactness, and ease of con- 
trol have earned it this position. Until 
recently, synchronous motors have been 
deficient in enough of these features to 
preclude their wide use. During the past 
five or six years, however, notable prog- 


ress has been made by the electrical indus- © 
try in the field of non-excited synchronous — 


motors to overcome these deficiencies. 
The behavior of this motor as a part 


of a mechanical system is described. The | 


motor is presented from the mechanical | 


engineer's viewpoint with a minimum of 
electrical technology. 


Design Considerations and Drafting Tech- 
niques for Production on Numerically 
Controlied Production Machines..61 — 
MD-11...By Alexander Taleff, Westing- 
house Electric Corporation, Pittsburgh, 
Pennsylvania. 


Numerically controlled machines re- 
quire special part design to give the 
greatest saving. At the same time, close 
tolerances and finishes add cost even 
though automatic machines can do the 
job. Charts permit optimum selection of 
all factors to reduce product cost. 


Cost and Value of Smal! Tolerances and 
Smooth Finishes ..61—MD-12... By Wil- 
liam W. Gilbert, Mem. ASME, General 
Electric Company, Schenectady, N.Y. 


There is often disagreement between 
the designer who wants to specify small 
tolerances and smooth finishes to insure 
performance of a product, and the pro- 
duction man, who wants wide tolerances 
and rough finishes. But there are many 
exceptions to the rule that reduced tol- 
erances and smoother finishes will im- 
prove the product. 

The cost of manufacturing may be in- 
creased 16 times by changing from rough 
machining with a tolerance of +0.015 in. 
to a tolerance of +0.0025 in. 

The data given include the relative 
costs of materials, processes, surface fin- 
ishes, tolerances, and cutting conditions. 


Elastomeric Adhesives — Industry's New 
Tool ..61— MD-13...By W. C. O'Leary, 
Minnesota Mining and Manufacturing 
Company, St. Paul, Minn. 


The author discusses adhesives that 
are basically elastomeric in character, in- 
cluding a variety of products obtainable 
from natural, reclaimed and synthetic 
rubbers in combination with natural and 
synthetic resins, and with a variety of 
solvents and diluents. For the most part, 
this excludes the glues derived from fish, 
animal and blood sources, and resorcinol, 
phenolic, and urea glues, which provide 
essentially rigid bonds, and the glue- 
pastes derived from flour, starch, dex- 
trines, and related materials. 


Adhesives for the Bonding of Metals.. 
61—MD-14... By H. R. Butzilaff and K. F. 
Charter, A. O. Smith Corporation, Milwau- 
kee, Wis. This paper appears in condensed 
form in May, 1961, MECHANICAL ENGI- 
NEERING. 
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Which Fastener Should We Choose. .61— 
MD-15...By J. W. Stoutenburg, Robin 
Products Company, Warren, Mich.; and 
Kenneth D. Ringland, Central Screw 
Company, Keene, N. H. 


The authors evaluate the engineering 
and production problems pertaining to 
the application, function, design, and 
cost analysis of the fastener. Both stand- 
ard and custom engineered fasteners are 
discussed. 


Designing With Powder Metallurgy to Im- 
prove Quality and Reduce Cost..61— 
MD-16...By Paul J. Failla, Johnson 
Bronze Company, New Castle, Pa. 


Design engineers, when considering the 
use of powder metallurgy parts, should 
have a practical understanding of the 
fundamental limitations of this process 
and some of the basic design rules. Fric- 
tion of powders on die wall and punch 
is considerable. Hence, parts compressed 
from the top only will be less dense at 
the bottom, whereas parts compressed 
from both top and bottom will be less 
dense in the middle. Pressing action is 
applied most conveniently and economi- 
cally from top and bottom and not from 
sides. This imposes definite limitations 
on the shape of the parts that can be 
pressed. 

The author gives six rules that the de- 
signer of a part must follow to insure 
proper design and to take advantage of 
all the things that can be accomplished 
by powder metallurgy. He also gives 20 
examples of designs that illustrate the 
potential and the right and wrong in the 
design of powder pressings. 


Filament-Wound Pressure Vessels ..61— 
MD-17...By Richard Gorcey, Rocket- 
dyne, a division of North American Avia- 
tion, Inc., Canoga Park, Calif. 


The full value and potential of fila- 
ment winding have been recognized by a 
significant number of persons only within 
the past year. Filament winding is a 
process consisting of winding a rein- 
forcing material and a resinous binder 
around a mandrel to form a part. The 
end product can exhibit vastly different 
properties, depending on the basic ma- 
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terial properties of the components, the 
ways in which they are combined and 
handled, the winding equipment used, 
the type of mandrel employed, and the 
design of the part, all of which are in- 
cluded here in a discussion of filament 
winding in fabrication of pressure vessels. 
The greatest potential of filament 
winding is perhaps in the field of pres- 
sure vessel fabrication. It is believed that 
eventually the majority of all pressure 
vessels fabricated will be filament wound, 
particularly where weight is critical. 


An Introduction to Designing with Plas- 
tics ..61—MD-18...By R. L. Thorkild- 
sen, Mem. ASME, General Electric Com- 
pany, Schenectady, N.Y., and John V. 
Schmitz, General Electric Company, Lou- 
isville, Ky. 


The authors introduce some unusual 
types of behavior encountered in plastics 
and the methods required for evaluating 
them. 

The paper is divided into three parts: 

1 Some common uses of plastics, their 
unique properties, and methods for evalu- 
ating a material in terms of its poten- 
tial application. 

2 The value of engineering teamwork 
in applying plastic materials. 

3 Specific serious gaps in plastics tech- 
nology, and some future needs. 

It is concluded that there is a need for 
basic materials behavior studies that will 
reveal the behavior of a material under 
use conditions. 


Visco-Elastic Damping ..61—MD-19... By 
D. Kent Hatch and C. Howard Adams, 
Monsanto Chemical Company, Springfield, 
Mass. 


The authors present new engineering 
solutions to areas of continuing engineer- 
ing problems in manufacturing products 
where vibration, shock, and misalign- 
ment are met. The ideas discussed will 
be of interest to engineers in the heavy 
equipment and automotive fields. 

Effect of Misalignment on Tooth Action of 

Bevel and Hypoid Gears..61—MD-20... 


By M. L. Baxter, Jr., Gleason Works, 
Rochester, N. Y. 


Tooth-contact analysis, as developed 
by the author at the Gleason Works, is 
explained. This analysis permits the cal- 


culation of tooth-bearing characteristics 
for bevel or hypoid gear pairs in any 
specified running position. 

Pairs of gears that will operate per- 
fectly are developed by generating pin- 
ions with a variety of combinations of 
mismatch to determine the one best 
suited for the job. 

By choosing the kind and amount of 
modification or mismatch for a particu- 
lar application, results far superior to 
those from theoretically perfect conju- 
gate teeth are obtained. 


Molybdenum Disulfide as a Lubricant.. 
61—MD-21...By Kenneth B. Wood, Jr., 
Climax Molybdenum Company, a division 
of American Metal Climax, Inc., New York, 
New York. 


To meet the increasingly rigid per- 
formance requirements on modern mate- 
rials, engineers are relying more and 
more upon lubricants. Among the ad- 
vances in this field is the growing use of 
molybdenum disultide (MoS2) in bound- 
ary lubrication as contrasted with hydro- 
dynamic lubrication. 

Research data is presented on MoS2 as 
a lubricant, including basic properties, 
typical analyses of commercially availa- 
ble grades, relationships between basic 
properties and lubrication theory, princi- 
pal formulations of MoS2, laboratory 
evaluations of its performance, and some 
major applications. 

Molybdenum Disulfide as an Additive to 

Automotive Greases ..61— MD-22... By 


H. G. Rudolph, Jr., Socony Mobil Oil Com- 
pany, Inc., New York, N. Y. 


Molydisulfide as an additive to gen- 
eral purpose conventional lubricants is 
relatively new. Molybdenum disulfide is 
especially attractive as a grease additive 
because it is almost completely inactive, 
is chemically stable, and does not oxidize 
in air until the temperature exceeds 750 F. 
If air is excluded, molybdenum disulfide 
is thermally stable above 2000 F. 

It was not until 1956 that a supply of 
molybdenum disulfide of suitable particle 
size and free of abrasives became availa- 
ble in quantity. But results have been 
more than encouraging as compared with 
those obtained from a good lithium-base 
multipurpose automotive grease. 


MECHANICAL ENGINEERING 


ae th 4 
: 
wa 
x 
ap 
\ 
+ ; 
AS 
sn 
2 
— 


from Yarnall-Waring Company, Philadelphia 18, Pa. 


BRANCH OFFICES IN 19 UNITED STATES CITIES « SALES REPRESENTATIVES THROUGHOUT THE WORLD 
STEAM TRAPS STOCKED AND SOLD BY 270 LOCAL INDUSTRIAL DISTRIBUTORS 


ENTHUSIASTIC 
APPROVAL! 


INDUSTRY WELCOMES NEW SERIES 130 
IMPULSE STEAM TRAP WITH OPEN ARMS 


“Radically new and different—send 50.” 
TEXAS INDUSTRIAL 


“We want 100 immediately. They meet our confined 
space needs perfectly.” 


WISCONSIN PACKER 


“Ordering 60 as first part of new standardization pro- 


The whole works— 


gram.” 
steam trap, Strainer and LOUISIANA REFINERY 
blow-down valve—fit in 
the palm of your hand “We'll start with 24—more later.” 


PETRO-CHEMICAL 


So it goes—industry’s welcome to the new Yarway Series 
130 combination steam trap has been a warm one. Already 
manufacturing quotas have been doubled to meet the de- 
mand. Yarway distributors everywhere are busy answering 
their customers’ requests for demonstrations. 

What will the new Series 130 do for you? Consider 
these advantages: 


COMPACT COMBINATION SAVES 
SPACE, MONEY, MAINTENANCE 
ON LIGHT LOAD APPLICATIONS 


Steam trap, strainer, blow-down valve combination sim- 
plifies trapping hook-ups—saves up to 30% in time and 
materials over ordinary hook-ups. 


NO OTHER STEAM TRAP COMBINES SUCH 


STRAINER . COST-SAVING, WORK-SAVING FEATURES 
* All stainless steel construction, woven stainless steel 
w BLOW-DOWN strainer screen, replaceable trap valve-seat assembly, Allen 
VALVE wrench-operated blow-down valve—make maintenance easy. 


Small size, light weight, good for all pressures 8 to 600 
psi—make installations simpler. 

Try this trap on your steam main drips, steam tracer 
lines, meter boxes or any other of thousands of light con- 
densate load applications. Call your nearby Yarway distrib- 
utor today—or write us for more details. 
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Both marks mean Valves’ 


pa 


YOUR CUSTOMERS know there’s a big difference 
in valves. A difference in performance, and in 
maintenance and replacement costs. A difference so 
important that they take great care in choosing 
valves for their piping systems. 

WHAT valves do your customers choose? Ask them. 
You'll find that many standardize on Jenkins . . . 
and ALL agree there's nothing better. 

Favorable reaction is certain when equipment arrives 


but only One guarantees Valve Performance 


with its valves bearing the Jenkins Diamond and 
Signature. This trusted mark guarantees the finest 
in valve performance. It indicates quality construc- 
tion throughout your equipment. Sound reasons for 
specifying Jenkins Valves, since they cost no more 
than others in the good quality class. TELL US the 
types of valves you use and we'll send information 
on appropriate Jenkins Valves. Jenkins Bros., 100 
Park Ave., New York 17. 


JENKINS 


VALVES 


Sold Through Leading Distributors Everywhere 
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NEW | 
EQUIPMENT 


Redesigned VA Varidrive 


A new design in fractional to 1-hp, vari 
able-speed drives, the Type 5 VA, USS. 
Varidrive, has been released by U.S. Elec- 
trical Motors Inc. The new 5 VA Varidrive 
is compact in size and offers speed ratios up 


to 10:1, from 4to 10,000 rpm. Itis available 
in 1/4, 3/4 and 1 hp, 3 phase and single 
phase. 60 cycle. 

To provide more precise settings than ever 
before, a new hand control assembly has 
been incorporated. Operated by a fluted 
knob, the new control turns with only */7 
the effort of previous controls. Speed drift 
is prevented by a positive anticreep device. 

For machine operations requiring only 
fractional to 1 hp. this new special type 
Varidrive is offered as a versatile, all-in-one 
power drive designed for rugged industrial 
service. It performs the work of a motor, 
speed changer, cone pulley or controller and 
gear box. 

In the '/, hp size, the 5 VA is 14*/2 in. 
high and 8'/2 in. wide, and weighs but 63 
Ib. It is designed to occupy least cubical 
space. —K-1 


Oscillographic Recorders 

Portable oscillographic recorders are being 
manufactured by the Sanborn Co. Model 320 
two-channel direct writer, with a new paper 
take-up, occupies approximately 1 cu ft, yet 
provides broad d-c recording capabilities. Two 
other versions of the Model 320 are also avail- 
able; Model 321 carrier type, and Model 322 
low gain d-c recorder including zero suppres- 
sion. These compact recording systems are 
designed for ruggedness and maximum useful- 
ness in the plant, laboratory or field. —K=-2 
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Gravity Conveyor 

A new 15-in. wheel-type gravity conveyor 
for handling packages and other smooth, 
flat-bottomed materials is being produced 
by Hytrol Conveyor Co. 

The 15-in. wheel model is designed for 
use in many flow systems, according to the 
manufacturer, and can be set up quickly 
with other Hytrol conveyors and accessories. 
It is available in 5 and 10-ft track sections 
and is made of galvanized steel or heat- 
treated aluminum frames. The load capac- 
ity ranges up to 1600 lb per 5-ft section of 
the straight steel tracks. Similar aluminum 
track capacity is 1050 lb and its weight is 
about one half that of the steel track. —-K-3 


Differential Pressure Switch 


A new differential pressure switch, No. 
1800 series, is now available from F. W. 
Dwyer Mfg. Co. The switch is a low cost, 
compact unit (only 4 in. dia) of excellent 
sensitivity, operating from differential pres- 
sures as low as 0.15 in. water with ranges up 
to 80 in. water. It will hold a set point 
through various total pressures and can be 
operated from plus, minus or differential 
pressures in any position. The unit can be 
applied almost universally for accurate, low- 
pressure sensing and control such as in 
cooling-coil defrost control, dust-collection 
systems, air filters, air curtain systems, etc. 

Various arrangements of this pressure 
switch are available, from a basic unit incor- 
porating only operating arm protection to 
switches with weather boot of neoprene, 
regular conduit enclosure or explosion- 
proof housing. Pilot lights, showing 
energized circuits, plus other features can 
easily be incorporated to meet specific 
needs. More information available in 


Bulletin No. E-40. —K-4 


Bead Chain Timer 


Complex sequencing problems are being 
solved with a new adaption of the simplest of 
electromechanical timing devices—the syn- 
chronous-motor-driven cam. Eagle Signal 
Co. has removed the cam and replaced it 
with a drive sprocket, in which an endless 
stainless-steel bead chain (not unlike the 
conventional key chain) is advanced. To 
establish the cam action which actuates the 
switch at the desired time, large beads are 
applied to the chain. These beads may be 
applied singly to give a momentary closure 
or in groups to produce a sustained closure. 
Vari-colored beads are used for coding. 
There is virtually no limit to the length of 
chain or timing ranges available. 

This basic idea, which on the surface 
appears to be very elementary, has proved 
itself to be a highly versatile and accurate 
timing concept. Used in multiple circuits, 
as illustrated, microsecond timing and timing 
accuracy have been established. 


The bead chain timer is not yet considered 
by the manufacturer as an entirely standard- 
ized item. It is available at this time on a 
semi-custom basis. —K-5 


Speed Variator 


Exceptional compactness has resulted by 
incorporating a motor with a mechanical 
variable-speed drive, manufactured by the 
Cleveland Worm & Gear Div., Eaton Mfg. 
Co. Utilizing an integral “pancake” style 
motor, the new motorized speed variator 
requires only slightly more space than an 
equally rated conventional motor. The new 
line is available in sizes from */3 to 15 hp. 
Motors are a-c radial air-gap design and con- 
form to NEMA design “‘B” specifications. 

Cleveland speed ‘‘variator’s” unique de- 
sign insures precise speed setting and repeata- 
bility. It provides variable output speeds 
with 9:1 and 6:1 ranges. Since it employs 
the rolling action of a series of balls, it per- 
mits smooth adjustment of the output speed 
while operating under load. —K-6 


MAY 1961/ 159 


| 
4 
| 
‘  £, | 
‘4 
| 
Fe) 
é 
q 
| 
3 
| 
j 


“COUPLING 
(2 


SPEC 
FLEXIBLE COUPLINGS 
Like a THIEF in the NIGHT 
an inferior coupling causes 
wear and damage to your 
machines — resulting in high 
maintenance costs an 
costly shut-downs. 
Troublesome maintenance 
problems and down time 
are eliminated when you 
specify Thomas *All-Metal 
Flexible Couplings to pro- 
tect your equipment and 
extend the life of your 
machines. 


NMENT 
UNDER LOAD and MISALIG 
only THOMAS FLEXIBLE COUPLINGS 
offer all these advantages: 
@ Freedom from Backlash 
@ Torsional Rigidity @ Free End Float 


th Continuous Drive with 


@ Visual Inspection while in Operation 
@ Original Balance for Life 


@ Unaffected by High or Low 
Temperatures 
@ No Lubrication @ No Wearing Parts 


@ No Maintenance 


COUPLING CO. 
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Rota-Screw Compressor 


A revolutionary concept in portable air 
compressors has been developed and _pro- 
duced by Gardner-Denver Co. In what the 
company believes is the first of its kind manu- 
factured in the United States, Gardner- 
Denver announces a portable screw-type 
air compressor which is called the ‘‘Rota- 
Screw” compressor. 

Thoroughly researched, tested and proven, 
the new compressor is replacing the com- 
pany’s present production of vane-type 
rotary portable compressors. Company 
eingineers believe the Rota-Screw design 
will revolutionize the portable compressor 
industry. 

A time proved principle forms the basis 
for Gardner-Denver’s Rota-Screw compres- 
sors. Air entering the intake port is drawn 
into the space between lobes of two helical 
rotors. The revolving rotors force the air 
into succeedingly smaller interlobal spaces, 
compressing the air in a single stage until 
full compression is reached. As air is ex- 
pelled, the next groove comes into line with 
the outlet port to assure smooth free flow- 
ing air without pulsation. 

Designed to operate at extremes of tem- 
perature (—40 to 115F) the single-stage 
Rota-Screw has no metal contact in the 
compression chamber, and, therefore, has 
no wearing parts. Two rotors are driven 
by timing gears and are oil flooded for sealing 
and heat removal in compression. There are 
no blades, no vanes, no valves, no pistons or 
other reciprocating parts to replace or inspect. 


Three models are available, the 900 cfm 
and 600 cfm powered by 6 cylinder Cater- 
pillar diesel engines, and the 125 cfm size 
powered by a 6 cylinder Continental gasoline 
engine. Operating pressure of all models is 
100 psi at 1800 rpm. Never before have 
such advanced features been available on 
portable compressors as those designed for 
the Rota-Screw. Fail-Safe electrical 
system stops the compressor should any 
malfunction occur. —K-7 


Sonic Height Sensor 

Unique advances in the design and de- 
velopment of a wave-measuring device 
which insures the success of autopilot-con- 
trolled hydrofoil crafe has been announced 
by RCA’s Missile Electronics and Controls 
Div., which is now conducting extensive 
laboratory and field tests on the instrument. 

The new device is a transistorized ultra- 
sonic height sensor. In its hydrofoil-craft 
application, it provides instantaneous and 
constant measurement of the changing 
height of waves from crest to trough, 
enabling the craft to proceed smoothly and 
without loss through automatic adjustment 
as dictated by the sensor. —K-8 


Filing Rolled Material 


The Hamilton Mfg. Co. has announced a 
modern-modular approach to filing rolled 
tracings, prints and other rolled materials. 
The new Hamilton product ‘“Moducor” 
provides exceptional flexibility in rolled filing 
equipment with varying tube dimensions 
to fit every size, type or activity of stored 
materials. 

The Moducor system consists of four, six, 
and eight-tube modules in 4, 25/s and 17/-in. 
dia tubes. All modules are of a standard 
width to permit stacking any size modules 
for varying storage and activity require- 
ments. Individual tubes are paper laminate, 
foil wrapped with steel ends for maximum 
strength—moisture, dust, and smoke resist- 
ant. Tubes are anchored mechanically in a 
sturdy metal frame to positively prevent 
accidental tube removal while permitting 
easy insertion of a new tube without requiring 
tools, paste or glue. 


Telemetering Oscillator 


The production of Model CT10 telemeter- 
ing sub-carrier oscillator system that provides 
a compact and reliable telemetering unit for 
operation with up to 12 variable-inductance 
transducers is announced by PACE Engi- 
neering Co. 

The instrument’s module case accepts six 
printed-circuit sub-carrier oscillator cards, 
which together with appropriate transducers 
may be tuned to any of the IRIG bands, 4 
through 18 or optional bands, A through E. 
Included, also, is a dual-channel composite 
amplifier that receives the summed output 
frequencies from the inductance oscillators 
and feeds the transmitter. 

Model CT10 systems are available for 
operation on any specified voltage, 6 volts 
dc to 50 volts dc at 48 ma, nominal current, 
and have frequency stability of +1 per cent 
of the bandwidth for +5 per cent change in 
operating voltage. Weighing less than 2 lb, 
the Model CT10 is only 3 in. KX 3 in. X 33/, 
in. It will withstand vibration of 35g, 
50-2000 cps; shock and acceleration of 200g, 
any axis, with less than 1 per cent bandwidth 
change. —K-10 
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Control Valves 


Control valves are now available in cast 
steel as No. 670 and stainless steel as No. 
770 from OPW-Jordan. Stocked in !/4, 
3/s, 1/2, 1, and in. capacities for 
immediate delivery in both cast steel and 
stainless steel bodies. Complete stainless steel 
trim is standard with linear-flow-character- 
istic sliding-gate seats. These valves are 
suitable for a wide range of tough chemical 
applications as well as steam, air, water, oil 
and gas; self-operated or controller-operated, 
for 300 psi and 500 F WSP service. Bulletin 
JNP-7 shows cutaway view, materials of 
construction, features, sizing charts, flow 
curve, dimensional drawing, explanation of 
sliding-gate seat, ranges, ratings, and 
complete engineering specifications and 
prices. —K-11 


Motor Insulation 


The Louis Allis Co., has announced the 
addition of “‘Capsulex” insulation system, 
that has been especially developed for en- 
capsulated formed coils used in large a-c 
motors ranging in sizes from 200 to 2000 hp. 

The new insulation system provides added 
protection to windings against moisture, 
chemicals, oils and abrasive contaminants, 
allowing increased life for open motors used 
in unfavorable environmental conditions. 

Capsulex is available in open, drip-proof, 
splash-proof, and weather protected motors 
built in frame sizes larger than 445U—for 
operating voltages of 208 to 5000 volts. 
Request Bulletin No. 3700. —K-12 
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You can save time when planning and save money when buying if you'll 
send for these DAY dust control bulletins. Each contains valuable informa- 
tion about dust control equipment and systems. Here’s general information 


plus useful technical data and specifications. Ask for any bulletins which 


interest you — they’re free. Check coupon below and mail toDAY. 


BULLETIN G-30—Describes the 
DAY Type “‘RJ’’ filter. An all 
purpose, versatile unit. Bulle- 
tin gives operating features, 
dimensions and specifications. 
BULLETIN D-20 — Dual-Clone 
dust separators — noted for 
their low resistance and high 
cleaning efficiency. Easy to in- 
stall, no maintenance, no mov- 
ing parts. 

BULLETIN 1-585 — Industrial 
Fans. Complete with helpful 
selection charts, capacity 
tables, dimensions and speci- 
fications. Information on spe- 
cial types and arrangements 
included. 


BULLETIN F-75 — Reverse Jet 
Dust Filter Facts. Complete 
with specifications, typi- 
cal equipment layouts, capaci- 
ty and performance tables for 
DAY type “‘AC”’ filter. 
BULLETIN N-578 — Gives com- 
plete information about Style 
“A” rotary valves. Construc- 
tion features, specifications, 
dimensions and applications. 
“SCHLITZ DEFEATS DUST” — 
FOOD ENGINEERING magazine 
reprint describes all out dust 
control for 31/2 million bushel 
Schlitz grain elevator. Request 
“*Schlitz'’ Defeats 
ust.” 


‘EFFICIENT DUST SNATCH- 
ERS’’ — Bulletin describes 
DAY's part in providing maxi- 
mum safety and good house- 
keeping for starch packing 
building of large food proc- 
essor. 

BULLETIN 510—DAY Unit Dust 
Collectors. Complete, low cost 
unit designed for plants or ap- 
plications where central dust 
control systems are not prac- 
tical. 

BULLETIN 576 — ‘‘HV” heavy 
duty dust separator. Rugged 
construction and lower initial 
cost than many light gauge 
galvanized type cyclones. 


876 Third Avenue N.E. 
Minneapolis 13, Minnesota 


wi, The DAY Company 
vy 


Please send Bulletins checked below: 


0 Bulletin G-30 
0 Bulletin D-20 
(0 Bulletin 1-585 


Name. 


Bulletin F-75 
0 Bulletin N-578 
“Schlitz Defeats Dust’’ 


In Canada: 
The DAY Company of Canada Ltd. 
15 Brydon Drive, Rexdale (Toronto), Ont. 


0 “Efficient Dust Snatchers” 
0 Bulletin 510 
() Bulletin 576 


Company Name. 


Address. 


State 


City 
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MA 
for Plant and Lab 


Measure PRESSURE, 
VACUUM and FLOW 
with UNFAILING 
ACCURACY - - at 
MINIMUM COST 


The liquid-filled U-tube is 
unequaled in simplicity and 
inherent accuracy. It’s the 
primary standard for meas- 
uring pressure, and for 
checking pressure gauges. 

All King Manometers, re- 
gardless of configuration, 
are U-tube instruments, with 
no mechanical moving parts. 
They give unfailingly accu- 
rate Measurements in plant 
or lab - - permit exact dupli- 
cation of pressure or flow 
conditions. 

King Manometers are in- 
expensive; easy to install; re- 
quire minimum mainte- 
nance. Available in the fol- 
lowing types, for every 


U-Type Manometers 
Single Cleanout; Double 
Cleanout; with 3-Valve Mani- 
fold; Inverted U. 


Well-Type Manometers 

Low-Well; Raised-Well; Ad- 
justable-Well; Barometric; 
Instrument Test; Flowmeter. 


Inclined-Tube 
Manometers 

General- Utility; High-Preci- 
sion; Draft Gauges. 


Multi-Tube Manometers 
Individual - Well; Common- 
Well with fixed and adjustable 
wells; Photo-Manometers. 


FEATURES Include— 

® Wide choice of range (6” 
thru 130”), scales, liquids, 
mountings, materials. 

@ Easy cleanout. 

®@ Full line of accessories. 


MANOMETER CATALOG 2008 


explains basic principles; simplifies 
manometer selection; shows complete 
line of manometers, accessories and 
indicating liquids. Write for it. 


KING ENGINEERING CORP. 


3233 S. State St. Ann Arbor, Mich. 


DUID LEVEL GAGES, MANOMETERS, ACCESSORIES SINCE 1937 
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Screw-Conveyer Drive 

A compact screw-conveyer drive especially 
designed for short conveyer flights and low 
horsepower requirements is announced by 
Dodge Mfg. Corp. 

Identified as Series 100, the new product 
extends the present line of Dodge screw- 
conveyer drives introduced in 1958 and now 
widely used in industry. Series 100 drives 
are offered in two speed ratios: 8:1 for up 
to 6 hp at 225 rpm, and 18:1 for up to 3.8 
hp at 100 rpm. 

The new unit consists of a double-reduction 
speed reducer with packing gland and 
driving shaft which mounts on a trough end. 
Trough ends are also available. 

As in other Dodge speed _ reducers, 
maximum efficiency is assured through the 
use of heat-treated helical steel gears and 
pinions, all rated according to standards of 
the American Gear Manufacturers Associa- 


tion. Ask for Bulletin 601. —K-13 


Piping System Template 

A new piping system welding fitting tem- 
plate has been announced by Bonney Forge 
and Tool Works. Including the most com- 
monly used welding fitting shapes, the 
template was prepared in co-operation with 
and for piping designers, to speed design 
and drawing time on welded piping systems. 
The templates are available, without charge. 


—K-14 
Nuclear Fuel Elements 


Development of a method of fabricating 
nuclear fuel elements at reduced cost has 
been reported today by The Babcock & 
Wilcox Co. The new technique calls for the 
vibration of atomic fuel of uranium-dioxide 
powder into thin hollow rods which are forged, 
or swaged, to the final diameter. In 
the process, the UO, powder is compressed 
to the required density. 

This method of producing fuel elements 
eliminates such costly manufacturing pro- 
cesses as pressing, sintering, grinding, and in- 
spection of individual pellets. Most oxide- 
type fuel elements now in use consist of a 
metal container of thin-walled tubes, or rods, 
filled with prepressed pellets of uranium 
powder. —K-15 


Stainless Steel 


A new and even more corrosion-resistant 
stainless steel has been developed by Alle- 
gheny Ludlum Steel Corp. after two years of 
intensive development work. It is expected 
that the new alloy will be used initially in the 
automotive industry for which it was de- 
veloped. 

The new alloy is called Type 433 and has 
additions of molybdenum and copper to the 
automotive standard stainless steel of Type 
430. Patents have been applied for on this 
new grade. 

This announcement, of Alloy 433, brings 
to three the major developments Allegheny 
Ludlum has made within the past four 
months of either new materials or processes 
for use in the automotive industry. 

The automotive industry subjects stainless 
steel to some of the most severe tests. Among 
these tests are the Cass test, the crevice 
tests, the salt spray test, the salt slag al- 
ternate immersion test, and service tests. 
Allegheny Ludlum’s new stainless steel- 
Type 433-passed all of these tests unusually 
well. The service tests by automotive pro- 
ducers are still continuing, and final reports 
on these will not be in for six to eight more 


months. —K-16 


MECHANICAL 
ENGINEERS 


DESIGN 
DEVELOPMENT 
PRODUCTION 


DESIGN ENGINEERS 

To work in Rocket Design Section on design and 
development of high-performance rocket motor light- 
weight hardware. Design scope involves inert com- 
ponent design, knowledge of gas dynamics in connec- 
tion with solid propellant rocket nozzle design, pres- 
sure vessel construction, and metallic and non-metallic 
materials applications. B.S., M.S. in mechanical or 
aeronautical engineering with experience: 


DEVELOPMENT ENGINEER 

In new Desomatic Division, for development in fields 
of air treating and gas drying concerned with de- 
humidification field—to work on existing projects & 
new project proposal preparation. B.S., M.S. in 
mechanical engineering with experience in engineering 
calculations, structural design, machine work, sheet 
metal, welding, electrical power circuitry, and general 
light fabrication. 


PRODUCTION ENGINEER 

For methods improvement to increase efficiency and 
reduce costs in production department involving weld- 
ing, sheet metal work, machine shop, electrical circuitry, 
painting. and assembly operations in the production of 
dehumidification equipment. in mechanical or 
industrial engineering with an energetic approach. 


If your qualifications and interests apply, 
send a resume of your academic and career 
background, age, salary requirements, and 
professional references to: 


Clarence H. Weissenstein, Director 


Technical Personnel Recruitment ME 


Atlantic Research Corporation 


Alexandria, Virginia 
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Solenoid Valves 


Fluid Power Accessories, Inc., has de- 
veloped a new line of two-way solenoid 
valves for oil pressures to 3000 psi. Two 
types are available—normally open and 
normally closed. Both are pilot-operated, 
poppet-type valves in cartridge form. They 
can adapt to any type of manifold or sub- 
plate. All standard a-c or d-c solenoids are 
interchangeable. Only two moving parts, 
poppet and plunger, make these valves less 
susceptible to malfunction due to contami- 
nated systems. 

All valves have free reverse flow in either 
energized or de-energized position. Hard- 
ened, ground, and lapped parts with oil- 
immersed plunger assure long trouble-free 
operation. Many modifications to specific 
requirements are possible. —K-17 


Reflecting the company’s long experience 
in building custom shell-and-tube heat ex 
changers for the petroleum, chemical and 
other industries, the new line of Griscom- 
Russell pre-engineered exchangers using 
standardized components are available in 
three tube lengths; 16, 20 and 24 ft. Shell di- 
ameters range from 21 to 45 in. nominal id by 
approximately 1 in. increments. Two, four or 
six passes of the tubeside fluid are available. 
Standard design pressures are 150, 300, or 
450 psi tubeside and 150, 300, or 450 shellside. 
Thus, one of these standard units can be 
expected to meet all but the most unusual 
requirements. Acceptable modifications from 
standard construction provide the flexibility 
of custom design in meeting unusual specifi- 
cations of large users. —K-18 


A new double-acting hand pump series 
by the Wayne Pump Co. handles 15 com- 
mon classes and liquids with what the com- 
pany terms “‘total reliability.” 

Series 110 units are equipped with double 
diaphragms which keep the liquid sand- 
wiched between them instead of permitting 
contact with the body of the pump. The 
pump body is corrosion resistant and the 
diaphragms as well as the valves are fabri- 
cated of a deterioration resistant synthetic- 
rubber material, said to impart nearly in- 
definite operating life. Diaphragms contain 
integral O-ring seals which provide positive 
antileak protection. Pumping is accom- 
plished on both push and pull strokes. 


Of particular note is a new recording coun- 
ter which has a totalizer reading up to 9999 
gal and a resetable counter which reads to 
99.9 gal. It takes approximately 100 push- 
pull strokes of the pump to move 78 gal. 
of liquid. —K-19 


FOR CONSULTING ENGINEERS 
TURN TO PAGE 195 
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New Ideas On Dust And Fume Control 


New Products: 
John Wood Interphase Flooded-Bed Scrubber 


This unique approach to the removal of fumes, vapors and dust from 
ventilation systems offers a new high in operating efficiency. In fact, 
efficiencies in adsorption and absorption of NO, exceeding 95% and 
of HCl of virtually 100% have been obtained. 


Two horizontal beds operating under flooded conditions break the air 
stream into bubbles 1/16 inch in diameter. Completely surrounded by 
the scrubbing liquid and subject to impaction forces caused by con- 
tinuous change of direction, the bubbles break up. Rapid absorption 
is the result. 


The John Wood Flooded-Bed Scrubber is a compact, integrated unit. 
Construction is corrosion proof and provides easy access for servicing. 


New Engineering: The complete line of John Wood equipment also in- 
cludes Venturi Scrubbers, Multi Cyclones, Involute Cyclones, Fabric 
Filters and combination units. Extensive John Wood laboratories are 
available for advanced research on your air pollution problems. 


New Service: John Wood Air Pollution Control is fully programmed 
from analysis of existing conditions to equipment installation. Fre- 
quently economies result that make the installation self-liquidating 
through lower maintenance and replacement costs. 


Write for engineering assistance or specific product information. An 
air pollution preliminary analysis kit is available without obligation. 


Circle No. 140 on Readers’ Service Card 
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Hand Pumps 
; 
AIR POLLUTION CONTROL DIVISION 
JOHN WOOD COMPANY 
j 2 
11 NICOLET AVENUE FLORHAM PARK, N. J. TUcker 7-3200 
a 


CRUSHERS 
and 
SHREDDERS 


a "24" Series A 
Capacity — Up to 50 TPH 


“AC” Series 
Capacity — Up to 600 TPH 


Laboratory 
Crusher 


For reduction of: 


Ammonium 


Asphalt 
Bauxite 


Carbide 


Carborundum 
Cellophane 


“30” Series 
Capacity — Up to 100 TPH Clay 


1541 MACKLIND AVE. 


Coal Petroleum Coke 
Cryolite Pitch 

Fertilizer Soda Ash 

Flourspar Sodium Sulphate 
Glass Cullet Tri-sodium Phosphate 
Gypsum Zine Skimmings 
Nitrate 


PULVERIZER COMPANY 


‘OF RING CRUSHERS AND PULVERIZERS 
ST. LOUIS 10, MO. goo. 


Circle No. 10 on Readers’ Service Card 


Materials Tester 


Extra large sections of materials can be 
easily positioned and tested in this W. C. Dil- 
lon & Co. Model LW extra wide tester. 
Standard width between the uprights has 
been increased approximately 80 per cent, 
from 84/,to 141/,in. In addition to this extra 
wide work area, four daylight openings are 
available (12, 20, 30, 40) to permit fixture 
travel in excess of the greatest anticipated 
elongation, 

These new Dillon instruments are made in 
seven capacities: 0-250, 0-500, 0-1000, 0- 
2500, 0-5000, 0-7500 and 0-10,000 Ib. 
Tests of tensile, transverse, compression and 
shear can be made on materials with tensile 
strength varying from only a few pounds to 
as high as 400,000 psi. —K-20 


Centrifugal Pumps 


New sizes have been added to the Model 
3405 line of single-stage, double-suction 
centrifugal pumps manufactured by Goulds 
Pumps, Inc. Thirty-four sizes are now 
available to provide capacities from 100 to 
6400 gpm with heads up to 525 ft. A choice 
of grease or oil-lubricated bearings, wide 
degree of interchangeability of parts, avail- 
ability in stainless steel and ductile iron, 
are among the many features of this highly 
popular group of pumps. Complete 
specifications, interchangeability chart, per- 
formance curves and dimensions are shown 


in new Bulletin No. 721.6. —K-21 
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Explosion-Proof Valves 


Skinner Electric Valve Div. Skinner Pre- 
cision Industries, Inc., has announced a 
line of 3-way explosion-proof solenoid valves 
with a '/:-in. main orifice and 1/2-in. NPTF 
for use in hazardous locations. These new 
high-flow valve types are available normally 
open, normally closed and directional con- 
trolled, with operating pressure differentials 
of 5 to 150 psi. 


These explosion-proof valves are UL 
approved for Class I Group D use in atmos- 
pheres of gasoline vapors, for Class II Group 
F, coal and coke dust, and Group G grain 
dust. 

The '/2-in. explosion-proof valves of the 
L series have naval forged brass bodies and 
internal parts of brass and stainless steel. 
They are available in a wide range of volt- 
ages and frequencies. —K-22 


Weir Drive Motor 


The Electro Products Div. of Western 
Gear Corp., has announced the design and 
manufacture of a Weir drive motor for use 
in nuclear-radiation environment. Identified 
as Model 36V58RP143, it has an imput of 
115 volts, 3 phase, 400 cycle, with an output 
of 150 oz-in. at 12 rpm continuous duty. 
The temperature rise is 40 C maximum. It 
measures 1.5 in. in diameter by 3.31 in. 
long not including shaft extension. It weighs 
15 oz. —K-23 
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NOTES 


INFORMED 


Electro-Magnetic Brake 


Stearns Electric Corp. announces the new 
46,000 series brake. The brake operates on 
alternating current and is flange mounted. 
The brake is available completely enclosed in 
a housing with torque ratings of 500, 750 
and 1000 lb-ft. 


Some of the benefits offered by this new 
series are unusually high thermal capacities 
and extremely low WK?. Its unique con- 
struction enables this series to compare 
favorably with more cumbersome stopping 
methods in regard to frequency of operation 
and thermal capacity. 

The familiar Stearns ‘“‘unitized” con- 
struction is retained. The entire operating 
mechanism is attached to a single plate fa 
cilitating disassembly and assembly for 
maintenance. Since the brake is a-c op- 
erated, control requirements are simplified, 
thus reducing cost. Need for readjustment to 
compensate for lining wear can be deter- 
mined visually from outside the enclosure. 
Manual release-automatic reset is included. 
Standard motor shaft lengths, or through 
shafts can be accommodated. Ductile- 
iron construction and corrosion protection 
make the brake well suited for shipboard 
use. Floor-mounted models are also avail- 


able. Literature is available. —K-24 
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Magnetic Shaft Angle Encoder 


The United Aircraft Corp. Norden Div. 
has developed and now is producing a non- 
contacting Gray code magnetic shaft angle 
encoder, one of the smallest in this field. 

The Norden encoder, BuOrd size 18, syn- 
chro mount, also is one of the simplest yet 
designed. It provides accurate readout at 
10,000 rpm and has exceptionally low starting 
andrunning torques. Ithasa nonambiguous 
code and is mechanically interchangeable 
with existing brush-type encoders. This 
new encoder, with its virtually unlimited 
life, is tailored for installations where long 
use, speed, and environmental conditions 
cannot be met by brush-type encoders, for 
servo and shaft position encoding for low- 
to-medium resolution, and for single turn 
and high resolution multiturn applications. 


—K-25 


Molding Compound 


Future Chemicals is offering a free ‘“desk- 
test” kit of Copy-Cast, the new molding, 
bonding, filling, and shape-making com- 
pound, 

Each sample contains enough Copy-Cast 
to make a test application right at one’s desk. 
The manufacturer claims that this product is 
resistant to acid, alkali, grease and solvents; 
non-shrinking and non-crumbling, control- 
lable curing, outstanding electrical resistance; 
holds its shape and can be worked and 


finished with ordinary tools. —K-26 


MECHANICAL ENGINEERING 


| | 
li ti d it 
or every appiica ion ana capacity 
a 
: 
2 
3 


BUSINESS 
NOTES 


KEEP 
INFORMED 


NEW 
EQUIPMENT 


Centrifugal Pumps 


A new line of single stage centrifugal pumps 
announced by Goulds Pumps, Inc. provides 
the optimum in interchangeability of pumps 
and parts. Designed especially for the 
chemical processing, petrochemical and 
petroleum-refining industries but equally 
adaptable for use in any industry that must 
handle chemicals—corrosive or abrasive— 
cold or hot (—350 to 500F)—clear liquids 
or slurries. The eleven sizes in the line 
provides capacities up to 775 gpm and heads 
up to 300 ft. 


The complete line of eleven pumps is 
stocked in three standard constructions: 
Ductile iron, 316 stainless steel and Gould-A- 
Loy 20. It is also available in any machin- 
able alloy to meet special requirements. 

New 16-page Bulletin No. 725.8 gives 
bearing life, and shaft deflection data, a 
frame selection chart as well as usual per 
formance, specifications, construction de- 
tails, and dimensions. —K-27 


Flexible-Gear Couplings 


The Flexible Coupling Div. of Sier-Bath 
Gear & Pump Co. has announced the de 
velopment of a new lubrication seal for its 
complete line of flexible-gear couplings. 

In the new seal, the product of a two-year 
research and development program at Sier- 
Bath, two separate heat-treated steel washers 
are bonded together—one inside the other— 
by means of a flexible hinge of Buna-N. 
The inner washer provides a press fit on the 
coupling hub and the outer washer an equally 
snug fit in the seal cavity cut into the cou- 
pling sleeve. Regardless of the relative mo- 
tion of the hub in the sleeve, the flexible neo- 
prene hinge permits the washers to maintain 
their individual press fit and actually seal in 
lubrication at 1'/, deg misalignment at 
operating speeds in excess of 5000 rpm. 
The steel washers also prevent the seal from 
being damaged by the hub teeth during 
periods of momentary or prolonged end 
thrust of the shafts. —K-28 


Profile Grinders 


Rice Pump & Machine Co. redeveloped line 
of profile grinders, extends the range of pre- 
cision grinding to include grinding of die 
clearances, cams and contours; plus a wide 
variety of finish-grinding work. Some of the 
newly added features include the hinged 
access door to facilitate interior mainte- 
nance; a larger serrated table (12 in. X 
in.) with an improved U-bracket support, 
with a 4-way tilt. The wheel dresser is 
attached to the underside of the table, has 
no loose parts to require preassembly, and is 
always ready for action. Spindle speeds 
are available in 20,000, 30,000 and 35,000 
rpm ranges for the single speed machines 
and in 20,000-30,000 and 20,000-35,000 rpm 
for two speed machines. Request Bulletin 


PGI 38. —K-29 
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You Get 

EXTRA SAVINGS 
From This Method 
of Compressed Air 
After Cooling 


Cooling water savings and power sav- 
ings quickly repay the cost of the 
Niagara Aero (air-cooled) After Cool- 
er for compressed air or compressed 
gases. In addition its long life and the 
labor-saving simplicity of its main- 
tenance give you an extra profit in 
comparison with water-cooled surface 
contact methods. 

With the Niagara After Cooler the 
heat of compression is removed and 
dispersed into the atmosphere by the 
evaporation of a very small amount 
of water. The compressed air temper- 


ature is always brought below that of 


the atmosphere surrounding your air 
lines, so that no further condensation 
can take place. 

Large users of compressed air for 
plant services or processes choose 
Niagara Aero After Coolers for their 
dependable durability. They have 
been making good records of service 
for over 25 years. 


Write for Bulletin 130. 


NIAGARA BLOWER COMPANY 


Dept. ME-5, 


405 Lexington Ave., New York 17, N. Y. 


Niagara District Engineers in Principal Cities of U.S. and Canada 
Circle No. 150 on Readers’ Service Card 


Hydraulic Clutches 


Rockford Clutch Div. of Borg-Warner 
recently introduced a line of power shift 
hydraulic clutches. Power shift clutches 
are now available as components for a wide 
range of transmissions and machinery. 
The clutch design permits manufacturers to 
tailor their equipment to individual customer 
requirements. 

Rockford’s new line of clutches is available 
in 6 sizes to handle torque loads from 1000 
to 10,000 lb-ft, engines up to 1000 hp, and 
speeds up to 5500 rpm. The dual-drive 
design gives end-to-end shifting with ex- 
tremely smooth and fast engagements. 

These versatile clutches have been designed 
to drive off-highway wheeled and track- 
laying vehicles, switching locomotives, marine 
gears, cable and winch drives, prime movers, 
front-end loaders forward-reverse units, and 


machine tools. —K-30 


Oil Filter-Reclaimer 


The Hilliard Corp. has brought out an oil 
filter-combination reclaimer which consists 
of a motor pump set of practically any capa- 
city required for forcing the oil through the 
filter with either all of this oil or part of it 
being diverted to the oil reclaimer for final 
polishing and removal of moisture, water, 
and other volatile contamination. Piping is 
arranged so that the oil reclaimer or filter 
alone can be operated where straight filtra- 
tion is required or in combination, when the 
removal of volatile material and heavy solids 
contamination is necessary. This flexibility 
of operation permits the unit to be used for 
restoring practically all types of lubricating 
and industrial oils to new oil condition. 
Various types of filtering materials are 
available to handle specific types of oil. 
Applications include internal combustion 
engines, compressors, vacuum-pump lubri- 
cating and sealing oil, turbines and all 
types of electrical insulating oils. Request 
Bulletin No. 114. —K-31 
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“LUBRIPLATE 

LUBRICATION 

I¢ AVAILABLE 
AT 

OUR DEALER 

TARA 


J 


STUDEBAKER-PACKARD CORP. 
Builder of the famous “LARK” 


The Studebaker-Packard Corporation, 
builder of the LARK, express their satis- 
faction of LUBRIPLATE Lubricants by hav- 
ing these fine lubricants packaged under 
the Studebaker-Packard trademark and 
made available for use by the service de- 
partments of their dealers. 


REGARDLESS OF THE SIZE AND 
TYPE OF YOUR MACHINERY, 


LUBRIPLATE LUBRICANTS 
WILL IMPOVE ITS OPERATION 
AND REDUCE MAINTENANCE 


Besides Studebaker-Packard Dealer distribu- 
tion, there are LUBRIPLATE dealers from coast 
to coast. See your classified telephone direc- 
tory for name of nearest LUBRIPLATE distrib- 
utor. Send for free “‘Lubriplate Data Book’”’. 
Write today. 


LUBRIPLATE DIVISION 
Fiske Brothers Refining Co. 
Newark 5, N. J. Toledo 5, Ohio 
Circle No. 85 on Readers’ Service Card 
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Metallic Static Face Seals 


Haskel Engineering & Supply Co. has 
announced a new line of metallic static face 
seals designed and manufactured specifically 
to meet the high-pressure and extreme tem- 
perature requirements of systems in missiles 
and high-performance aircraft. 

Wherever static sealing problems exist 
which elastomers cannot solve, the new HS 
series seal can be utilized to provide zero 
leakage at a wide range of temperatures 
from —450 to +2000 F and pressures to 
20,000 psi. Liquids and gases are sealed in 
valves, actuators, missile and rocket engines, 
couplings, filters and in any catagory where 
temperature, vibration, pressure and expan- 
sion are critical. 

The new HS series seals are manufactured 
in a wide range of materials: Inconel X, 
age-hardened; A-286, age-hardened; 17- 
4PH to H1150 hardening; 7056-T6 alumi- 
num; 18-8 CRES, heat-treated; tantalum, 
annealed; most of these may be obtained 
with platings of silver, gold, indium, Teflon, 
Kel-F, copper, etc. 

The HS seals are lapped to provide 
flatness and smoothness of the sealing faces. 
A flat surface with a finish of 32 rms or 
better is adequate to provide a mating sur- 
face. The seals incorporate an integral 
spacer which avoids the problem of control- 
ling groove depth closely. Installation is 
accomplished by merely indexing the seal 
to one mating surface and bringing the op- 
posing surface against the seal. High torque 
loading is normally not required. Design 
strength necessary to contain unit pressures 
usually provides adequate force to seat the 
seal for proper performance. 

The HS seal is reusable, light weight, has 
no storage or age-life problems and is avail 
able in a wide range of sizes from miniatures 
to large diameters. A new catalog giving full 
details on design, materials, sizes and installa- 
tion for the complete line is available on re- 
quest. —K-32 


Precision Balls 


Precision balls of special materials are now 
available in both prototype and production 
quantities from Industrial Tectonics, Inc., 
Ball Div. Among the newer materials are 
boron carbide, titanium diboride, glass-filled 
Teflon, Indox I, irradiated polyethylene, fer- 
rites, synthetic rubies and sapphires, tan- 
talum, titanium carbide, and high-density 
aluminum oxides. 

Balls of these materials greatly extend the 
range of possible aplications in cases where 
temperature and load extremes, corrosion 
resistance, magnetic or nonmagnetic qualities, 
dielectric properties, or controlled density are 
of major importance. 

Balls of high-purity metals for research 
and development purposes can be furnished 
in a wide range of sizes, tolerances, and sur- 


face finishes. —K-33 


Mechanical Differential 


A miniature differential, designed for loads 
up to 75 in-oz and speeds to 3500 rpm, has 
been announced by Bowmar Instrument 
Corp. The new differential, Model X-1943, is 
ideally suited for use in servo systems and for 
integrating mathematical functions in com- 
puting equipment. 

Employing super precision bevel gearing, 
backlash is held to 11/2 min with a 0.5 in- 
oz checking load; however, starting torque is 
kept to a relatively low value of 0.1 in-oz. 
The precision bevel gears are axially adjusted 
during selective assembly and testing, so 
that backlash and other operating character- 
istics are held to very close tolerances in 
large or small production quantities. 

Various operating configurations are made 
possible as a result of the differential’s 
hollow shaft construction. This flexibility 
makes the new differential valuable as a 
breadboarding or a prototype component as 
well as for production applications. 

All parts of the differential are stainless 
steel. Materials and finishes may be varied 
to conform to applicable military specifica- 
tions. Bowmar states that optimum accu- 
racy and rigidity are obtained by mounting 
the gears and pinions on stainless steel du- 
plexed bearings. 

The X-1943 can be supplied in a wide range 
of end gear ratios to satisfy various operating 
requirements. —K-34 
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Load-Control System 


A contract for a Bailey Meter Co. 720 
economic load control system that will 
automatically control power generation equal 
to demand and allocate the system genera- 
tion to the units under control to achieve 
most economical operation has been received 
by Bailey Meter Co., Cleveland, Ohio. 
The load-control system will be installed at 
three plants of Columbus and Southern 
Ohio Electric Co. of Columbus, Ohio. 


The Bailey system will automatically 
control frequency and/or tie-line load as well 
as distribution of load on incremental rate 
basis between eight generating units at three 
stations—Conesville, Picway, and Poston. 
The master control and system dispatcher’s 
console will be located in the dispatcher’s 
orice in Columbus. Frequency-type tele- 
metering over telephone lines and power- 
line carrier will connect it to the individual 
control equipment at the stations. 
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Represents Bauer Compressor 


Norwalk Co., manufacturers of high pres- 
sure, air and gas, compressors since 1864, has 
been appointed the sole distributor to U. S. 
industry of the famous line of Bauer com- 
pressors, which are manufactured in Western 
Germany. 

Bauer compressors, which will supplement 
the full range of heavy Norwalk custom- 
production compressors, are smaller, high 
speed and air-cooled units. Exclusive Ameri- 
can representation covers both sales and 
service. Full details can be received by con- 
tacting the South Norwalk office of the 
Norwalk Co. 


Koppers Plant Expansion 


To meet an increasing demand for corru- 
gated container machinery, the Metal Prod- 
ucts Div. of Koppers Co. has announced that 
its manufacturing facilities for these products 
are being expanded at a cost in excess of 
$300,000. The division’s Container Ma- 
chine1y Dept. has two manufacturing plants, 
one located in Glenarm, Md., and the other 
in Berdentown, N. J. 

The major item included in the expansion 
is an extension to the Glenarm plant, pro- 
viding an additional 16,000 sq ft of manufac- 
turing floor space. 

Principal products of Koppers Container 
Machinery Dept. are Hooper printer-slot- 
ters, produced at Glenarm, and Swift 
combiners, produced at Bordentown. 


Spray Nozzles 


Industrial, high-pressure spray nozzles are 
described and capacity charts given in a 
bulletin issued by the Industrial Sales Dept., 
John Bean Div. of Food Machinery and 
Chemical Corp. Some of the applications 
of these nozzles are to spray concrete curing, 
to wash insulators, suppress coal dust, 
clean paper mill rolls, to spray castings, 
wash concrete trucks, logs and for many 
other industrial uses. —K-35 


Relief Valves 


Two new automatic temperature pressure 
relief valves for water heaters have been 
announced in Bulletin 1-NFLX-1 by A. W. 
Cash Valve Mfg. Corp. 

An outstanding feature of these two types 
is the extra thin extension thermostat which 


places the element in the hottest water, yet 
does not restrict flow. —K-36 
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Reliance 


This green liquid column could 


“your boiler water level 


a true check on your boiler’s safety by the 


Reliance EYE-HYE 


Easy to read, like the conventional boiler gage, the 
illuminated green fluid gives you even sharper indi- 
cation of where water levels stand. EYE-HYE can be 
placed at any vantage point, on panel, post or wall. 
Manometric operating principle insures perfect meas- 
urement, sensitive to slightest level changes. 


Easy to install, easy to maintain. With no mechanical 
working parts to fail — no gears, magnets, diaphragms 
or linkage — it’s simple, fool-proof. No .adjustments. 
Each EYE-HYE is factory-calibrated to your water 
level range and working steam pressure. 


Various EYE-HYE models fit any remote gage need 
— for boilers, tanks, storage vessels — any visibility 
length, any working pressure. Wide vision facility 
makes reading visible from wide area . . . For safe, sure 
check on boiler water levels, write the factory for 
full EYE-HYE information. 


The Reliance Gauge Column Co. + 5902 Carnegie Ave., Cleveland 3, Ohio 


Circle No. 111 on Readers’ Service Card 
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NITROGEN co. 


Handling hot potas- 
sium carbonate re- 
quires safeguarding 
pumps and piping sys- 
tems against danger- 
ous pressure surges. 
Eight Williams-Hager 
Silent Check Valves— 
similar to the one 
shown at right— 
guard Southern Ni- 
trogen’s Savannah 
Plant by operating in- 
stantly when flow re- , 
versal starts or when 
flow is zero. 


Write for Bulletins: #654 on Valves; 
#851 on Cause, Effect and Control of 
Water Hammer; #659 on Pressure 
Loss Tests. 


The Williams Gauge Company, Inc. 
149 Stanwix Street - 2 Gateway Center 
Pittsburgh 22, Pa. 

Our 75th Year « 1886-1961 

Circle Ne. 137 on Readers’ Service Card 
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Valve-Position Transmitter 


The Model AVPT pneumatic valve- 
position transmitter, a compact, accurate 
device for translating position into a pro- 
portional output pressure is discussed in a 
revised bulletin recently issued by B-I-F 
Industries, manufacturers of process instru- 
mentation, equipment and systems for 
positive control of materials flow. 

Operating on the force-balance principle 
and designed for either rotary or straight- 
line motion, the AVPT transmitter is 
especially suited for countless applications in 
which the knowledge of the position of a 
remote mechanism is important for accurate 
control of processes. 

The two-page bulletin contains photo- 
graphs, dimensions, and specifications. Also 
included are application examples for the use 


of the AVPT transmitter. —K-37 


Hard Cemented Carbide 


Profitable utilization of high rigidity in a 
material that has three times the stiffness of 
hardened steel is spot-lighted in a new 16- 
page pocket sized booklet prepared by 
Kennametal Inc. 

Featuring “E = 94 X 10®” in the title and 
headlines, the booklet gives typical examples 
in which this high YME (Young’s modulus of 
elasticity) of Kennametal hard cemented 
carbide is particularly advantageous. These 
include components for chemical processing 
equipment, ordnance, aircraft, missiles and 
rockets, and for metal cutting and metal- 


working. —K-38 


Information concerning techniques for 
welding stainless steel is contained in 
Lincoln Electric Co. new Bulletin 7300.2 
entitled ‘‘Arc Welding Stainless Steel.” 
This bulletin gives physical poperties, 
structure, and welding characteristics of the 
different types of stainless steels. It also 
has a chart listing deposit properties and 
electrode recommendation tables for the 
different types of stainless steel —K=-39 


Industrial Heating 


As an appendix to its current Chromalox 
industrial electric heating catalog, No. 60, 
Edwin L. Wiegand Co., has announced new 
catalog supplement CS-600. 

The new supplement contains specifica- 
tions and product illustrations of Chromalox 
electric heater bands, air heating elements, 
blower-type heaters, immersion units, engine 
heaters, mineral insulated heating cable, 
special radiant heaters for process and 
comfort heating, controls and various other 
elements and equipment. —K-40 


High-Speed Presses 

The Series M line of open-back inclinable 
presses arranged for automatic, ultrahigh- 
speed operation with progressive dies is 
described and illustrated in a newly published 
six-page Bulletin 54 issued by Niagara 
Machine & Tool Works. Included are 
standard specifications, die-space dimensions, 
and stroke-shutheight data for the complete 
line of 22, 35, 45, and 60-ton-capacity models. 


—K-41 
Welded Fittings 


Information on “Husky” steel welding 
fittings for Schedule 40 piping is contained 
in Catalog H-2 of NIBCO Inc. General 
specifications and acceptance guide are 
given for concentric and eccentric reducers, 
45-deg and 90-deg elbows, straight tees and 
reducing tees. Technical data, performance, 
materials and properties are contained in 


the catalog. —K-42 


Dust Collecting 

Buell Engineering Co., has issued a 4-page 
bulletin describing its complete line of Buell- 
Norblo dust collecting, recovery, and classi- 
fying equipment. 

Air pollution, material handling and 
classification, recovery of material fror: waste 
gases, and employee comfort are a tew of 
the broad areas of application for Buell- 
Norblo equipment. —K-43 


Turret Lathe 


A bulletin illustrating and describing the 
Rivett 60 series precision turret lathe has 
been published by Rivett Lathe & Grinder, 
Inc. The bulletin highlights six Rivett 
innovations, with particular emphasis on the 
new ‘‘one motion control,” and an automatic 
indexing turret which passes over the top of 


a double-tool cross slide. —K-44 


Liquid Blending 

Vari-Flo proportioners and new concepts 
in continuous line blending are detailed in 
Bulletin 650, released by Blackmer Pump 
Co. According to the bulletin, Blackmer 
employs the flow control principle of its 
Vari-Flo variable-volume pumps to develop 
complete proportioning systems economically. 
The new equipment is designed for applica- 
tions involving total flow rates between | and 
2000 gpm, with larger systems possible by 
adding more components. —K-45 


Vibratory Feeders 


General Kinematics Corporation has 
issued a 4-page brochure illustrating Para- 
Mount vibratory feeders. These feeders 
are available in two types: Adjustable rate 
for precise, remote, stepless control and 
feed rate; and fixed rate for constant-rate ap- 
plications. Request Bulletin611. —K-46 
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Engines and Power Units 


Waukesha Motor Co. has issued a power 
rating chart, giving a complete tabulation of 
horsepowers, speeds and loads for power 
units, embodying diesel, natural gas, butane, 
propane and gasoline burning engines of 
its manufacture. The ratings are for com- 
plete power units with all standard acces- 
sories—water pumps, intake and exhaust 
manifolds, radiator, fan and belt, and air 


cleaner. —K-47 


Power Units 


Power units incorporating engine (diesel, 
gas, or gasoline) plus generator plus controls 
are described and illustrated in a bulletin 
by Waukesha Motor Co. under the title 
“Enginators.”” The bulletin outlines the 
three factors to consider in selecting Engina- 
tors, the components involved, controls, 


basic data, and specifications. —K-48 


Fire Pumps 

A highly descriptive, illustrated,  six- 
page bulletin, No. 401, showing cross-section 
drawings, typical installations, size and 
capacity charts, and detailed advantages of 
a Layne vertical fire pump has been issued 
by Layne & Bowler, Inc. 

Both oil and water-lubricated types are 
shown complete with accessories to meet the 
Factory Mutual and Underwriters’ Labora- 
tories requirements. —K-49 


Temperature Controls 


Fenwal Inc. has issued an eight-page 
brochure, MC-195, describing its new “‘500” 
line temperature controllers and indicators. 
The brochure gives complete details of 
three models in the line and brief descriptions 
of other Fenwal instruments offering ther- 
mistor sensing. 

Contents include complete electrical 
and mechanical specifications, available 
modifications, and illustrated descriptions of 
various major features of the units. Also 
included are details on how various units can 
be combined for multipoint control or 
monitoring with a variety of optional features. 


—K-50 
Relief and Regulating Valves 


To meet MPS-300 requirements A. W. 
Cash Valve Mfg. Corp. has developed a series 
of relief valves and water pressure regulators 
which are announced in Bulletin 1-FWL-1. 
The valves listed include T & P relief 
valves for automatic temperature-pressure 
relief for water heaters; Type FWL pressure 
relief valves for pressure-only relief in do- 
mestic water heaters, storage tanks, etc.; 
Type F-52, relief valves for hot water space- 
heating boilers, and Type E-23U and Type E 


water pressure regulators for domestic 
—K-51 


water service. 
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Precision Controls 


A series of Hubbell Corp. precision con- 
trols is described and illustrated in a recent 
bulletin. These units, including reverse 
acting pressure adapter, dual pressure 
adapter, solenoid valves, air-actuated pilot, 
thermal compensating control, and others, 
are designed for the refrigeration and air- 
conditioning industry. —K-52 


Cryogenic Storage 


Storage of liquefied petroleum gases at 
extremely low temperatures is the subject of 
a 16-page brochure, “‘Cryogenic Storage 
Vessels,” G-50, published by Chicago 
Bridge & Iron Co. The brochure describes 
design of double-wall storage vessels, insula- 
tion systems, materials of construction and 
accessories. Illustrations include drawings 
and photographs of several CB&I-built 
cryogenic storage vessels. —K-53 


Spring-Tension Fasteners 
“Spring-Tension Fastening Devices,” a 
recently published brochure by Associated 
Spring Corp., summarizes in four pages the 
various classes of spring-tension.. fasteners. 
Illustrations show customized designs for 
clamps, clips, latches and locks, pins, 
retainers, snap rings, hooks and _ holders, 
catches, spring washers, hangers, and collars. 
Case-history examples demonstrate how 
spring-like flat stampings can simplify design, 
cut costs, and improve reliability. K-54 


Flowmeter Kits 


Four variable-area flowmeter kits, each 
containing meters of various sizes for a wide 
range of flow measurements, are described 
in a four-page bulletin, No. 10A1010, released 
by Fischer & Porter Co. 

The contents of each lightweight kit is 
given, along with complete data on per- 
formance, operational limits, capacities, etc. 
Two of the kits covered are of the laboratory 
type: One uses hose connectors, the other 
standard taper joints. The other two kits 
described, contain high-capacity flowmeters; 
one has rubber hose connections and clamps; 
the other is equipped with fully enclosed 
meters ideally suited for  pilot-plant 
operations. —K-55 


Abrasives 

“Catalog of National Standard Abrasive 
Belts, Rolls, Sheets and Discs,” by Car- 
borundum’s Coated Abrasives Div., lists 
standard coated abrasive products used 
throughout industry. All items listed in 
this standard catalog are maintained in 
stock at Carborundum warehouses by 
electronic order processing and inventory 
control. This is a customer tool to help cut 
costs and expedite service through use of 
standard catalog items. —K-56 


GRAY BIMETALLIC PIPE PRO- 
VIDES CORROSION RESIST- 
ANCE AT FRACTION OF THE 
COST OF SOLID ALLOY 
SYSTEMS 


Gray Bimetallic pipe provides all the 
fabricaticn and strength advantages 
of carbon steel with the corrosion 
resistance of the best alloy materials, 
and at a fraction of the cost of a solid 
alloy system. 

In the Gray process, a seamless 
lining is hydraulically expanded into 
the base pipe, forming a tight bond 
due to differential contraction of the 
materials. For all practical purposes 
the bond is permanent. Bimetallic 
pipe can then be fabricated almost as 
easily as carbon steel. It can be butt 
welded, flanged and bent without 
damage to the lining or the bond. 

The choice of materials for Bime- 
tallic pipe is virtually unlimited. Base 
material is usually standard carbon 
steel in regular sizes and schedules, 
but this can be varied to meet any 
particular need. Linings are most fre- 
quently furnished in Monel, nickel 
and stainless steel, but the selection 
is in no way limited. All the alloys of 
nickel and copper as well as the re- 
active metals can be economically 
produced. 

This wide range of materials avail- 
able make Bimetallic pipe ideal for 
all applications where corrosion is a 
factor. It is well suited where product 
contamination or catalyst poisoning 
are problems. 

Gray Bimetallic pipe provides the 
corrosion resistance of special alloys 
at only a small cost more than that 
of regular carbon steel piping. For 
complete details, mail the coupon 
below today! 


GED Fel Conpary 


P. 0. Box 2291 © Houston 1, Texas 


Gray Tool Company 
P. 0. Box 2291 
Houston 1, Texas 


Gentlemen: 


Please send me more information about Gray 
Bimetallic pipe. 


NAME —TITLE. 
COMPANY. 

ADDRESS. 

CITY. STATE. 
6114 
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High-Velocity Fans 

“Class II] Fans” is the title of a booklet 
issued by Trane Co., containing descriptive 
and engineering material on fans for high- 
velocity, air-conditioning systems and _ in- 
dustrial process application. Following the 


NEW EOUIPMENT 
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LATEST CATALOGS 


section devoted to illustrations and descrip- 
tions of the various types available and their 
special features and advantages, the booklet 
offers fan selection data, capacity tables, 
and roughing-in dimensions for all types. 


—K-57 


ELECTRICAL Control 


CUSHIONED 
(-A SOLENOID OPERATED 


VALVE 


Where remote control valve operation is desired, specify and 
use the G-A Cushioned Solenoid Operated Valve that auto- 
matically opens or closes on any type of electrical impulse. 
The operating sequence— whether on open or closed circuit— 
can be made to suit your requirements. Sizes 2’’ to 36” 


1223 RIDGE AVENUE, PITTSBURGH 33, PA. 


Designers and Manufacturers of VALVES FOR AUTOMATION 
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Timing Equipment 

A condensed illustrated catalog on its 
timing motors and time and torque controls 
has been published by the Haydon Div. of 
General Time Corp. The eight-page folder 
explains the company’s specialized back- 
ground in designing, developing, and produc- 
ing these timing units and provides complete 
descriptions of various units and their 
applications. 

The folder demonstrates the variety of 
timing motors and controls available from 
Haydon, including timing motors, time 
controls and indicators, electric brakes and 
clutches, military timers, and clock move- 
ments. Dimensions and _ special design 
characteristics of these compact electric 
timing units are included. —K-58 


Hot-Water Converters 


A 20-page, illustrated Bulletin 71 published 
by Niagara Weldments Inc., presents a new 
line of NiaWel hot-water converters designed 
specifically for space-heating service. In 
addition to listing complete specifications 
covering 114 models in 2 and 4-pass arrange- 
ments, the bulletin fully describes ASME 
construction of shells and removable U-tube 
bundles, metals and alloys available for 
special fabrications, and provides information 
for ordering models of other-than-standard 
size or construction. Also included is a 
unique, graphically illustrated method for 
selecting the correct size shell and heating 


surface. —K-59 


Blast-Cleaning Barrels 

Five heavy-duty Rotoblast barrels, with 
work capacities ranging from 15 to 102 cu 
ft, are described in Bulletin No. 705 published 
by Pangborn Corp. The features which 
make Rotoblast the most powerful blast- 
cleaning process available are illustrated 
with cut-away drawings, photos and sketches. 
Specifications and over-all dimensions are 
also outlined. Illustrated case histories 
show how heavy-duty Rotoblast barrels have 


reduced costs substantially at many different 
installations. —K-60 


Super Vibrator 


Martin Engineering Co., originator of the 
“Vibrolator” line of vibration inducers, is 
offering a new four-page folder entitled: 
“Big Shake Bulletin 1043.” It describes air, 
electric, gasoline, and hydraulic-powered 
vibrators for use on railroad hopper cars, 
bunkers, chutes, laboratory testing, foundry 
shakeout, and other applications requiring 
a vibrator of great power and light weight. 
Action photos, drawings, engineering data 
and prices are enclosed. —K-61 
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Study in Steel 


The story of an unusual development in 


5000 psi, in indoor, outdoor, or hazardous 
locations. Features of the control include 
external adjustments, visible calibrated dial, 


Pressure Controls 


A data sheet on “Pressure Controls” has 
been prepared by Mercoid Corp. 


applying the qualities of steel is given in the 
booklet, ‘Study in Steel,” released by United 
States Steel, Peter Muller-Munk Associates 
undertook the design of a line of steel 
office furniture, in the course of which a 
new form of “‘C”’ leg evolved, combining the 
three mechanical principles of steel— 
tension, compression, and cantilever. A 
variation, the ““V”’ leg was also created. 

The booklet illustrates and describes the 
wide range of modern furniture, not only 
office, which has been designed incorporating 
these developments. 

Other applications of steel to modern 
structural design are also treated in the 


booklet. —K-62 


Hot water with no pressure is the out- 
standing feature of the ‘‘M”’ heater described 
in a bulletin of Industrial Boiler Co. Model 
140 with light oil burner and electronic 
safety controls is skid-mounted and hence 
the installation cost is negligible. It is of 
tube-type construction and is said to be 
93.6 per cent efficient. This heater is avail- 
able in standard capacities of 5000, 7500, and 
10,000 gal. —K-63 


Custom Rubber Molding 


Publication of a four-page, ‘two-color 
catalog illustrating and describing custom 
rubber molding of parts has been announced 
by Rubber Industries, Inc. 

Described are the complete rubber molding 
services available from Rubber Industries 
such as molding of any color and shape rub- 
ber up to 36 in., rubber-to-metal bonding, 
plastisol dipping of parts and molding of 
precision parts for use by electrical and elec- 
tronic manufacturers. 

Diagrams show samples of parts the 
company has molded. Types of rubbers 
used and the qualities that can be manu- 
factured into parts are described in detail. 
Easy to follow ordering information is also 


given. —K-64 


Wire Fabric Slings 


Union Wire Rope, subsidiary of Armco 
Steel Corp., is distributing a handbook 
under the title of ““Tuffy Slings.” 

The qualities of “Tuffy” slings are due to 
the patented 9-part machine braided wire 
fabric construction, which combines great 
flexibility with extra toughness. The hand- 
book tabulates a wide range of sizes, capac- 
ities, and fittings for ““Tuffy” slings and 
illustrates diagrammatically the correct 
slings to use for a great number of applica- 


tions. —K-65 
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visible settings, hermetically sealed mercury 


This unit is available for use from 500 to switch. —K-66 
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-_ HANDLE BULK MATERIALS AT LOWER COSTS 


Dribble or 
Torrent 
Base or suspension mounting Instant 
control of flow 


Move bulk materials at constant, 
dependable, instantly controlled rates Above or below deck magnet 
Syntron Vibratory Feeders provide the most efficient and economical method of conveying bulk materials, They have 


proven for more than 30 years their ability to handle most types of bulk materials —fine powder to large lumps — 
hot or cold—dry or damp—in densities from 400 pounds to 6 pounds per cubic foot, 


Manual or 
Automatic 
The simple electromagnetic drive unit produces 3600 vibrations per minute, assures continuous,dependable operation Control 
with a minimum of maintenance. The finger-tip control of material flow enables Syntron Vibratory Feeders to effect- 

ively fill the production gap between storage and process operation. 


Syntron Vibratory Feeders are available in wide range of feed capacities, with above or below deck magnets, 
flat pan or tubular troughs, base or suspension mounting, 


Syntron Vibratory Feeders are the answer to lower bulk materials handling cost, 


Flat pan or tubular trough 


-SYNTRON COMPANY 


“Other Syntron equipm 


Rectifier Power Units Hopper Level Switches 
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Gate Valves 

NIBCO Inc. is distributing Catalog VC-3, 
Supplement H, containing descriptive and 
size data for “Husky” gate valves. Tables 
of recommended service and pressure data 
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Dust Control 


Catalog G 100 of the Western Precipitation 
Div. of Joy Mfg. Co. describes and illustrates 
the various precipitators, collectors, filters, 
scrubbers, processors, and heaters manu- 


—K-68 


are included. 


—K-67 


factured for dust and fume control. 


Nugent Full-Flow Lube Oil Filtering — 
essential where service must be continuous 


Continuous operating, heavy- —— pipe line com- 
et 


pressor equipment demands completely filtered lube 

oil to ensure maintenance-free, long-life . . . For this 

type of service Nugent Laminated Disc Type Full 
low Filters are ideal. 

Nugent Fig. 1555 filters filter all the lube oil in 
circulation, every cycle . . . dirt and foreign solids, 
as small as 2 microns, are removed quickly as they 
enter the oil, before they can cause excessive wear... 
yet, detergent additives are unaffected. 

Shown above is a Nugent Fig. 1555 size 4L12, one 
of sixty Nugent filters installed for Columbia Gulf 
Transmission Company of Houston, Texas. These 
filters protect: natural gas engines, speed increaser 
gears, and centrifugal compressors in five remote 
controlled automatic pipeline stations. 

The fine record of efficiency established by these 
stations is one more example of how Nugent Filters 
can be used to lengthen the service life of your 
valuable equipment . . . reduce downtime . . . cut 

\SHe_e maintenance cost. Let us: show you 
how. Write for information today. 


Nugent Fig. 1555—4L re- 
charge, before and after use. 
Expected life between 2000 
and 2500 hrs. Used charge 
retains approximately 
ibs. of foreign matter. 

461 


3412 CLEVELAND STREET, SKOKIE, ILLINOIS 
OIL FILTERS STRAINERS TELESCOPIC OILERS 


REPRESENTATIVES IN 
PRINCIPAL CITIES 
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Vertical Duplex Pumps 


Industrial Sales Dept., John Bean Div. of 
Food Machinery and Chemical Corp., is 
distributing a folder giving essential descrip- 
tive and engineering information on various 
types of vertical duplex pumps manufactured 
by the division. These pumps are designed 
for general purpose high pressure pumping 
operations requiring capacities up to 7 gpm 
at pressures up to 5000 psi and temperatures 


to 160 F. —K-69 


Reversing Valves 

The advantages of 3-way reversing valves 
for heat pump and hot gas applications of 
Freons-NH3- and so on are outlined in a 
folder which is now available from Hubbell 
Corp.. Application of Type RA-3- way com- 
mon inlet solenoid valve is shown diagram- 


matically. —K-70 


Drilling and Tapping 

Proper procedures for drilling and tapping 
aluminum, magnesium, steel, thermoplastics 
and other plastics to receive Heli-Coil 
inserts are described in a bulletin, No. 765, 
published by Heli-Coil Corp. 

In addition to basic drilling and tapping 
procedures, the bulletin treats such specific 
information as proper selection of tap for 
boss material, tapping lubricants, close-in 
characteristics of magnesium, and class of fit. 
A complete “H” limits chart for both 
aluminum and steel cutting taps is included. 

The bulletin features a unique nomo- 
graph from which one can easily determine 
the tapping speed and lubricant for a given 
size of tapped thread in a wide range of 
materials. It also discusses many tapping 
problems, their causes and _ suggested 


remedies. —K-71 


Atmospheric Burners 


A 14-page illustrated Bulletin No. H-1, 
issued by the Combustion Div. of Eclipse 
Fuel Engineering Co., presents eight at- 
mospheric gas-fired burners with maximum 
firing capacities from 10,000 to 2,750,000 
Btu/hr. 

The bulletin provides dimensions, speci- 
fications, engineering data, and ordering 
information for pipe, wheel, immersion, ring 
box, and U-type burners, atmospheric 
injectors, and packaged burners. Burner 
accessories include gap-type burner nozzles, 
mounting cages, and a draft-compensating 
pilot. 

An introduction to the operating principle 
of atmospheric burners, instructions for 
building atmospheric-combustion systems, 
and illustrated description of six typical 
burner installations also is included. —K=-72 
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Need more engineering information 
on products featured in this issue? 


USE THE POSTAGE-FREE CARDS... 


If you would anjoy receiving additional engineering information on any of 
the products 

advertised in this issue or 

detailed in the Keep Informed Section 
-ese....Circle the numbers given on advertisements or items on one 
of the cards below.......fill in your name and mail to us. Your requests 
will be promptly forwarded. All information will be directed to you. 


(Note: Students please write direct to manufacturer.) 
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on products featured in this issue? 


USE THE POSTAGE-FREE CARDS... 


if you would enjoy receiving additional engineering information on any of 
the products 

advertised in this issue or 

detailed in the Keep Informed Section 
eeseseCircle the numbers given on these advertisements or items 
«+e. efill in your name and mail fo us. Your requests will be promptly 
forwarded. All information will be directed to you. 

(Note: Students please write direct to manufacturer. 


FIRSTCLASS 
PERMIT No. 1144 


 @ MAIL THIS GARD 


atter circling the 
numbers and filling in your 
complete address. 
NO POSTAGE REQUIRED 


BUSINESS REPLY CARD 


NO POSTAGE SIAMP NECESSARY IF MAILED IN THE UNITED STATES 


MECHANICAL ENGINEERING 
29 West 39th Street 
New York 18, N.Y. 


FIRSTCLASS 


PERMIT No. 1144 
é MAIL THIS CARD 


_ BUSINESS REPLY CARD 


POSTAGE NECESSARY if MAILED: IN. THE UNITES TA 


MECHANICAL ENGINEERING 
29 West 39th Street 
New York 18, N.Y. 


arp 
3 
i 
f 
ford 
2 
3 
Get, 
ere ft or circling the item 
in your 
| ry 
Gal 


Jeffrey system eliminates manual handling 
of lead oxide at Universal Battery plant 


Tank trucks deliver lead oxide to Universal 
Battery Company’s new plant in Chicago, where 
it is transferred to storage by air. No more back- 
straining handling of 600-pound drums. The 
Jeffrey system of storing, elevating, weigh blend- 
ing and conveying has eliminated all manual 
handling in these operations. 


Jeffrey furnished this equipment: the storage 
tank for the lead oxide, a bucket elevator to lift 
it to the spiral conveyor that feeds the Jeffrey 
weigh bin, and two rotary vane feeders. From 
tank truck to Simpson mixer, push button-control 
takes care of every phase of the system. 


Planned by A. Epstein & Sons Inc. of Chicago, 
this installation combines that engineering firm’s 
materials handling know-how and the proven 
dependability of Jeffrey products. The Jeffrey 
Manufacturing Company, 915 North Fourth 
Street, Columbus 16, Ohio. 


From this Jeffrey weigh bin, 
batches are delivered to the 
Simpson mixer by the Jeffrey 
spiral conveyor. 


4 Jeffrey bucket elevator lifts lead 
oxide to the spiral conveyor 
feeding the Jeffrey weigh bin. 


If it’s conveyed, processed or mined, it’s a job for 
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Now in Bound Form - - - 


1960 TRANSACTIONS OF THE ASME 


Here, in three sections, are the 371 papers and discussions published in the five 1960 Transactions 
But more important, by far, is the fact that these contributions have been written by authori- 
ties in the laboratories, production centers, and field stations where engineering takes its first forward 


steps—thus making the book a reference of immediate as well as long term value to every mechanical 


engineer regardless of his specialty. 


Section 1 
POWER AND INDUSTRY 


| Sponsors for the presentation of the 
| papers in this Section, titles at right, 
are— 


ASME Professional Divisions 
for 


Fuels . Gas Turbine Power . Nuclear 
Engineering . Power . Aviation . Ma- 
chine Design . Petroleum . Production 
Engineering . Process Industries 
Rubber and Plastics . Textile. 


Research Committees 
on 


Air Pollution . Corrosion and Deposits 
From Combustion Gases . High Tem- 
perature Generation Investigation . 
Power Test Codes . Solar Energy Ap 
plication . Hydraulic Prime Movers . 
Pumping Machinery. 


Development of a Three Stage Liquid-Cooled Gas Tusbine 

Effect of Ambient and Fuel Pressure on Spray Dro 

Presentation of a Blade-Design Method for Axia td Turbines 
Including Design and Test Results of a Typical Axial-Filow Stage 

Basic Heat Transfer and Flow Friction Characteristics of Six Com 
pact High-Performance Heat Transfer Surfaces 

Metallurgical Evaluation of Superneater.Tube Alloys After Six 
Months’ Exposure at Temperatures of 1100 to 1500 

Biast-Furnace-Gas Cleaning for Iron and Ferromanganese Produc 


influence Coefficients for Open.Crown Hemisphere 

Critical Flow Velocities for Collapse of Reactor Parallel Plate Fuel 
Assemblies 

Propeller Turbines of the St. Lawrence Power Project 

Influence of Trasting-Edge Geometry on Turbine Blade 
Vibration Resulting from Vortex Excitatio 

Water Hammer Damage to Oigawa Power Station 

=" Experimenta! Investigation of Radial Thrust in Centrifugal 

Design and Test of Mixed-Flow and Centrifugal impellers 

Volute Pressure Distribution, Radial Force on the Impeller, and 
Volute Mixing Losses of a Radial Flow Centrifugal Purnp 

Relavionstup of Coal-Ash Viscosit emical Composition 

Pressurization of Granuiar Solid 

Experimental investigation of Fuel “Additives in a Supercharged 


jorler 

External Corrosion of Superheaters in Boilers Firing High-Alkali 
Coals 

Corrosion of Superheaters and Reheaters of Pulverized-Coal Fired 
Boers 

Consideratic oe for the Reduction of Noise in Ship Installations of 
Gas Turbine 
Torsional Vitvation Problem as Associated With Synchronous 
Motor Driven Machines 

Design Control of Overcompression in Rotary-Vane Compressors 

Operation of Steam Turbines to Minimize Shell Crackin: 

Throat Tap Nozzles Used for Accurate Flow Measurements 

Water Treatment, Corrosion, and Internal-Deposit Studies for 
Eddystone 

Selection of Materials and Fabricating Techniques for the Eddy 
stone Borler and Sulzer Control Valves 

Development Associated With the Superpressure Turbine for Eddy 
stone Station Unit No. 1 

Material Selection and Fabrication, Main Steam Piping for Eddy 
stone No. 1. 1200-F and 5 'si Service 

Solar Turbo Power-Plant Des) 

Analysis of Solar-Furnace Performance in Mechanical Testing at 
Extremely High Temperatures 


Des: en and Analysis of Welded Pressure-Vesse! Skirt Supports 


State psting High-Pressure Piping Components 
Twe Te 
Nom nthesis of Generator Linkages 


Effect of Prese tts ng Helical Compression Springs 
A Quantitatie Investigation of the Factors Which Influence the 


Fatigue Lite of a V Belt 

nfluence Coefficients for Toroidal Shells of Positive and 
egative Gaussian Curvature 

Influence of 


Surface Residual Stress on Fatigue Limit of Titanium 


Shear-Zone Size, Compressive Stress, and Shear Strain in Metal 
Cutting and Tnhew Effects on Mean Shear-Flow Stress 

Simplified Approach to Understanding the Suction Probiems for 
Reciprocating Mud Pumps 

Prevention of Sulfide-Stress Cracking in Sour-Condensate Well 
Equipment 

Overstrain Tests on Thick-Walled Cylinders 

Analytical Study of Drill String Vibration 

Experimenta! Study of Drill-String Vibration 

The Theory of the Yieal Design of a Compound Ves 

Strength of Thick Cylinders Subjected to Repeated. Pres 
sure 

Interaction of Textile Structures and High-Speed Textile Processes 

Effect of Transient Loads on the Retrigerated Space Temperature 
of a Cooling Compiex 

Unitorm Two: Way Onentation of Plastic Films 

Synthesis of Epicyc ear Trains Using the Velocity Ratio Spec 
trum 

Helixtorm Beve 

Twinworm Drive—A § 
Efficiency 

Determination of Cutter Trajectories for Contoured Turbine Buckets 

Analysis of Factors Used for Strength Rating Helicai Gears 

Bending Strength of Gear Teeth by Cantilever Pilate Theory 

Rocket Motor Gear Tooth Analysis (Hertzian Contact Stresses and 

mes 

Analysis of Power Spinning of Cones 

Some Problems of Press Forging Lead and Aluminum 

Deformation Process in Metal Cutting 

influence Coefficients and Pressure Vessel Analysis 

Tube Meta! Temperatures for Structural Design 

Supersonic Wind-Tunnel Aiw-Drying-System Design 

1d Short-Tine Creep Properties of N-155 Alloy Sheet 

Photoelastic Analysis of Machining Stresses 

Correlation of Bendability of Materials With Their Tensile Proper 
ties 

Comparisons Between the Shearing Properties of Alpha Brass as 
Derived From the Cutting Process and From Static and Impact 
Torsion Tests 

iction in Metal Cuttin 

Critical of Metal Cutting Theones With New Experi- 
mental Da 

New "Developments in the Theory of the Metal Cutting Process, 


and Hypoid Ge 
self- Lock: ne ‘Worm Gear Transmission of High 


Structural Weight Approximation for a Bell-Nozzie Divergent Sec 


Outen Tolerances of Sheet Materials for Flight Vehicles 
echanical Vibration Filters With Nonlinear Characteristics 
Refinement of Finite Difterence Caiculations in Kinematic Analysis 
The Measurement of Very Low Frictional Torques in Rotating 
quipment 
Design by Quantitative Factor of Safety 
Study of Critical Velocity of Stick Slip Sliding 
Inertial Effects in a Multiple Ball Transmission 
Some Applications of the Cycloid achine Design 
f the Vibration Characteristics of a Simple Mechan 
ai Con tron 
Detormation and Moments in Elastically Restrained Circular Plates 
Under Arbitrary Load or Linear Therma! Gradient 
Dimensioniess Parameters for Helical Compression Springs 


Section 2 


HEAT TRANSFER 
and 
BASIC ENGINEERING 


Papers in this Section, listed at left, 
were presented under the sponsorship 
of 


ASME Professional Divisions 
for 
Heat Transfer . Hydraulics . Instru- 


ments and Regulators . Lubrication . 
Metals Engineering. 


Research Committees 
on 
Effect of Temperature upon the Proper- 


ties of Metals . Fluid Meters . Me- 
chanical Pressure Elements. 


Radiant Interchange Within an Enclosure 

Numerical Solutions to an Inverse Problem of Heat Conduction for 
Simpie Shapes 

Effect of Thermocouple Cavity on owt Sink Temperature 

Freezing of a Growing Liquid Colum 

Measurement of the Thermal Conductivities of Gases at High 
Temperatures 

Laminar Transfer From tsothermal Strips a Fiat Plate 

Spectral Characteristics of Fabrics From 1 to 23 Micre 

Heat Transter From Transverse Yawed Cylinders in 
Ship, and Free Molecule Air Fic 

Magnetohydrodynamic eres ts ‘Upon Heat Transfer for Laminar 

low Across a Fiat Pla 

Conical Turbulent Brander Layer Experiments and a Correlation 
With Flat Plate Data 

influence of Free Stream Turbulence on the Loca! Heat Transfer 
From Cylinders 

Heat Transfer to Fully Developed Laminar Flow in a Circular Tube 
With Arbitrary Circumferential Heat Flux 

Steam Slip—Theoretical Prediction From Momentum Model 

i Drop and Heat Transfer in a Duct With Triangular Cross 

ction 

Heat Transfer in Flow Through Rotating Ducts 

A Variable Density Single Fiuid Model for 
Particular Reference to Stearn Water Flow 

Transient Temperatures and Thermal Stresses in Hollow Cylinders 
Due to Heat Generation 

Therma! Contact Resistance in Finned Tubin 

Mass Transter, Flow, and Heat Transfer About a Rotating Disk 

Heat Transter and Effectiveness for a Turbulent Boundary Layer 
wi tt Tangential Fluid Injection 

Sublimation s Transfer Through 

ayers Ov a Fiat Plate 

Laminar Skin Friction end Heat Transfer on Flat Plates With Wedge 
Shaped Grooves in Fiow Direction 

ranster to Liquid Metals With Variable Properties 

Summary of Experiments on Turbulent Heat Transfer From a Non 
isothermal Fiat Plate 

Experimenta! Study of the Effects of Nonuniform Wali Temperature 
on Heat in Larninar and Turbulent Axisymmetric Flow 
Along a Cylinder 

ent actors for Radiative Heat Seonpter Through an Absorb 
ing Medium in Cartesian Co-ordinate 

Thermal Radiation From a Cylindrical Enclosure With Specified 
Wall Heat Flux 

Application of Variational Methods to Radiation Heat-Transfer Cal 
culations 

Certain Thermodynamic and Transport Properties of the Atmos 
pheres of Venus, Mars, and Jupiter 

Rocket Heat Transfer Literature 

Unsteady Turbulent Heat Transfer in Tubes 

improved Lumped Parameter Method for Transient Heat Conduc 
tion Calculations 

Local and Average Heat Transfer and Pressure Drop for Refriger 
ants Evaporating in Honzonta! Tube 

Heat-Transter and Flow-Friction Characteristics of Crossed-Rod 
Matrices 

Expermments on Heat Transfer From Spheres including Combined 
Natural and Forced Convection 

t Transfer to Freon 12 Near the Critical State in a Natural 

culation Loop 


Two Phase Flow With 


Compressible Boundary 


Combined tree and torced Convection Heat-Generating Laminar 
Flow Inside Vertical Pipes With Circular Sector Cross Sections 

On Combined Free and Forced Convection in Channels 

The Role of the Sain in Heat Transfer 

The Prediction of Human Tnermal Tolerance When Using a Venti 
lating Garment With an Antiexposure Suit 


TECHNICAL BRIEFS 

Effect of Vapor Drag on Rotating Condensation 

Radiation Fin Effectiveness 

Tabulation of the Function exp X* erfc X 

Comparison of Turbulent Heat-Transter Results for Uniform Wall 
Heat Flux and Uniform Wali Temperature 

Heat Transfer by Laminar Fiow From a Rotating Cone 

Sivity and teat Transfer in a Long Cylindrical Hole 

y Single-Fiuid Model tor Two.Pnase Flow 

steady Free Convection Heat Transter in Gases 

Mass Transfer on Free Convection 

Interferometric Metnod of Studying Boundary Layer Oscillations 

Heat Transter to Boiling Mercury 

Temperature Urstribution and Heat Transfer Results for an in 
ternally Cooled, Heat Generating Solid 

Effects of Initial Boundary-Layer Tnickness on a Tangential injec 
tion System 

Mechanism of Sound Field Effects on Heat Transfer 

Transducer for the Measurement of Heat-Fiow Rate 


Cavitation Effect on the Discharge Coefficient of the Sharp-Edged 
Onfice Plate 

Measurement of O1!-Film Thickness Between Disks by Electrical 
Conductivity 

Pertormance Characteristics of 
Rotating Disks 

Measurement of Oil-Film Thickness in Gear Teeth 

A New Approach to Linear Foe and Prediction Problems 

Shannon's eory and Feedback stems 

Dynamic Response and Control of Multipass Heat Exchangers 

Bang Bang Versus Linear Control of a Second-Order Rate-Type 
Servornotor 

Design and Analysis of a Servovaive With Flow Feedbac 

Unsteady Transter of Momentum and Heat Between Semeeiit 
Cylinders 

Ch amber Dimension Effects on induced Flow and Frictional Re 
sistance of Enclosed Rotating Dis 

Three Dimensional Turbulent Scundary Layer 
Secondary Flow 

Thermocouple System for Measuring Turbine-Iniet Temperatures 

Estimating tne Roots of the Characteristic Determinant for Mult: 
coupled Systems 

Human Body as an Inconstant Heat Source and Its Relation to 
Clothes Insulation, Parts 1 and 2 

Some General Considerations in Optimization 

Eyector Nozzle Flow and Thrust 

Pressure Losses in Smooth Pipe Bends 

Disch, arge oor rents and Steady State Flow Forces for Hydraulic 
~ Poppet Vaive 

Crossover Systems Between the Stages of Centrifugal Compressors 


Lubricating Oi Film Between 
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Section 3 
APPLIED MECHANICS 


Here are reports of fundamental, 
analytical and experimental studies 
which were presented at Society meet- 
ings and conferences under the spon- 
sorship of the ASME Applied Me- 
chanics Division. The problems cov- 
ered are those associated with buck- 
ling, deformation, elasticity, flow of 
fluids, kinematics, plasticity, plates, 
stresses and strains, structures, ther- 
mal stresses, vibration, wave me- 
chanics. 


Other valuable information in this 
Section includes design data drawn 
chiefly from previously published Ap- 
plied Mechanics papers, brief articles 
on technical matters in mechanics, 
and reviews of important new books of 
the field. 


A Theory of Lubrication With Turbulent Flow and its Application to 
Sider Beanng 

Effect of the Wall on Lt Phase Turbulent Motion 

Meiting of Finite Sia 

Heat-Exchanger Tube “Sheet Design—3. U-Tube and Bayonet-Tube 
Sheets 

Mechanics of the Sheet-Bending Process 

Relaxation of a Cylinder on a Rigid Shatt 

Strain - Hardening Solutions to Axisymmetnic Disks and Tubes 

Effect of Shear Deformations on Bending of Rectangular Plates 

Plastic Stress Concentration at a Cucular Hole in an intinite Sheet 
Subjected to Equal Bianial Tension 

Stresses in the Plastic Range Around a Normally Loaded Circular 
Hole in an Intinite Sheet 

Dynamical Saint Venant Principle 

Corretation of Theoret and Snatethormasiantic Results on 
Thermal Stresses in Idealized Wing Structure 

Stresses in a Curcular Cylinder Having an satuette Row of Spherica 
Cavities Under Tension 

Transient Thermal Stresses in a Semi-infinite Siab 

Stress-Strain Relations and Strain-Energy Expressions in the Theory 
of Elastic Shells 

Effect of Shear on Plastic Deformation of Beams Under Transverse 


e Under Pressure Distributed Over an Elliptical Por- 
tion of Its Plane Boundar 

Earth Motion Beneath a Prescribed Boundar 

Elastic Bending of Consrnns Due to Dynamic 
Effects of Axial inert 

Dominance of Shear Stresses in Early Stages of impulsive Motion 


ms 

Elastic-Plastic Response of Thin Spherical! Shells to internal Blast 
Loading 

Assessment of Flow Disturbances and Blunt Body Traveling at 
Supersomc Speeds Owing to Flow Oisturbances in Free Stream 

Possible Similarity Solutions for Laminar Free Convection on 
Vertical Plates and Cylinde 

Annual Damper for a Freel 

Heat Transter for Laminar 
tions in Wall Temperature 

Study of the Stability of Externally Pressurized Gas Bearin; 

Theoretical 1s of a Dynamic Thermocouple: 2—The 
ous Area intertac 

Normal Modes of Dual-Mode Systems 

Classica! Normal Modes in mped Linear Dynamic Systems 

Vibration Response of a Linear Undamped System Resting on a 
Nonlinear Spring 


Approximate An 

Stresses in a Slab 

Elastic Equilibrium of 

Metnod of Solution for the. Clestie Quarter 

Thermal Stress in a Viscoelastic Plastic Plate with Temperature. 
Deperdent Yield Stress 

Prediction of Creep Failure Time for Pressure Vessels 

Plastic Behavior o Rotating Cylinders 

Optimum Design of She 

Yield Conditions fer Rotationally Symmetric Shells Under Axi- 
symmetric Loading 

Approximate of the influence of Heating and 
initial Twist on the Torsional Stiffness of Thin 


Displacement 
nial Forces Including 


‘Processing Gyro 
tow in Ducts th Time Varia- 


sis of Certain Sovadery value 
avi jer Ci Bending 
Hole 


Three and T pe Flow 

indeterminateness of the Boundary Conditions ot the Mixing of Two 
Parallel Streams 

Therma! Transfer in Turbulent Gas Streams. Effect of Turbulence 
on Loca! Transport From Spheres 

Hydrodynannc Entrance Lengths for incompressible Laminar Fiow 
im Rectangular Oucts 

Stability of a Turbine. Generator Rotor tastadiog the Effects of 

tain Types of Steam Bearing Excitatio 
Saint Venant's Principle 


Stresses in Curved aaa of Noncucular Center Line 
Shear Buckling of Ba 
Buckling of Circular Cones Under Axial Gemarcamion 
Additiona! Deflection of a Cantilever Due to Elasticity of Support 
Thermoelastic Stresses in Beams 
Elastic Instability of Rectangular Sandwich Panel of Orthotropic 
e With Different Face Tnicknesses and Materials 
sont and Residual Therma! Stresses in an Elastic-Plastic Cy!- 


Str Circular C Shells 
Walled Subjected to a Radia! Tempera- 


of Plane Membr. 's and Solids 

Ex jeaeion of Thick-Walled Cylinders Fabricated From Cold Bent 

5 of Flexural Wa man Elastic, Circular Cylinder 

Modeling of Large Transient "Elastic and Plastic Deformations of 
Structures Subjected to Blast Loadin 

Shock Spectra of a Nonlinear System 


Forced Flexural Vibrations of Sandwich Plates in Plane Strain 

Extensional Vibrations and Waves in a Cwcular Disk and a Semi- 
Intinste Plate 

Effect of Smali Hub Radius Change on Bending Frequencies of a 
Rotating Bear 

Forced Lateral Vibration of a Uniform Cantilever Beam With Internal 
and External Damping 

A Method for investigatin, 
Buckling and Vibration of Plates 

Dynamical Response of an Elastic Halt-Space to Tangential! Surface 
Loadings 

Special Class of Seif Sustained Oscillations 

Random Excitation of a Loaded Nonlinear String 

Use of onenesetdat Approximating Functions for 
Oscillation Problem 

Two-Dimensional Ga 

Comp: Eftects Lubr 


Certain Eigenvaiue Problems of the 
t 


Noniinear 


ant for Two-Dimensional Sider 


at a Stag Point in Potential 


"Transter and Sub! 


Transient Heat Conduction in a Rod of Finite Length With Variable 
Thermal Properties 
Tepasions | Conduction in Coaxial Cylinders With Relative Motion and 
eneratio 
Thermal Stresses in an Elastic, Work-Hardening Sphere 
Symmetsc Waves in Elastic Rod 
Vibrations and Waves in Elastic Rectanguier Cross Section 
Subharmonic Oscillations of a 
Piane-Stress Unioading 
Punched Hole in a Stretched Elasty e 
Propagation Effects in ‘Transverse impact of Mem. 


ting From a Suddenly 


Motion. one Loading of a Hinged Ramp Which Supports a Sliding 


ant Analytical Method for Locating the Burmester Points for Five 
infinitesimally Seperated Positions of the Coupler Plane of a 
Four- Bar Mecha 

Steady-State ‘Undamped Vibrations of a Class of Non-linear Dis- 
crete Syste 
A Unitied Criterion for the Deg nm Kinematic 
Chains 

Approximate Synthesis of Spatia! Linkages 

Therma! Stresses Due to Disturbance of Uniform Heat Flow by an 
Insulated Ovalo: 

Sinusoidal Excitation of a System With Bitinear Hyste 

Forced Cocmotions of a Semi-intinite Rod Exhibiting W: ak Bilinear 
Hysteres 

Gundam te Excitation of a System With Bilinear Hysteresis 

Vibrations of Elastic Sandwich Cylindrical Shelis 

Vibrations of a Solid | Elastic Mass in an infinitely 

ong, 1d, Curcular-Cylindrical Ta 

free Moral ron of Continuous Skin Stringer Pan 
A Class of Nonlinear Axisymmetric Plate Probie 

Flexural Stress Waves in en Intinite ous Plate D Due to a Suddenly 


ied Concentrated T ransverse Lo. 
c W n Untimited Elastic Shel! 


of Constraint of 


Plastic of Circu 
Ela Half Plane Sutyected to Surface Tractions With Random 
ast Wave 
The Penetration of Ha Into Plane Meta! Surfaces 
Stress Distributions in Bispherical Co-Ordinate: 
— Plastic Bending of Curved Bars of Constant and Variable 
ickhness 

BRIEF 

lar Plates 

mee 


rangle Cros: 
Eh stic 
Loads 
a Large Determinant 


s Sections 


Method of Numerica! Evaluation o 
On the Griffith-irwin Fracture Theor 
On the Flexure of Plastic Plates 
induced Velocities in Two- Dimensions! Cascade Theory 

— Between Stress Concentration and Boundary Displace- 


of an Isotropic Triangular Piate 

Simplified Analysis of a Thrust Augmentation System 
Stress Concentration in a Coeating sk 
Stress Creole ement for Snell M in Oblique 
Stability Pro em of Shallow Transiational Shelis 

Transient Response of Linear Viscoelastic 


Coupled 

Walled Beam 
Energy Absor tion of Aluminum Tubing 
vib of | Shetis of R: 
The Lowest Natural Frequency of Elastic Arcs 
An Accurate Expression for Gas Pressure Drop 
Flow of Liquid Meta! Past a Porous Fiat Pilate 


Inception of Cavitation on Isolated Surface Irregularities 

Indentation of Metals oe Cavitation 

Shock-Tube Technique to Determine Steady-Flow Losses of Ori 
tices and Other Duct Elements 

Separation Prediction tor Conical Diffusers 

Fluids Engineering Laboratory at the University of Michigan 

Flow Parameters in Hydrostatic Lubrication for Several Bearing 
Shapes 

A Genera! Method for Correlating Labyrinth. Seal Leak Rate Data 

Hydrostatic Gas Bearings 

Effect of Hardness, Surface Finish, and Grain Size on Rolling- 
Contact Fatigue Life of M50 Bearing Stee! 

importance of Spinning Friction in Thrust Carrying Ball Bearings 

Effect of Bali Bearing Stee! Structure on Rolling Friction and 
tact Plastic Deformation 

A Generali Theory for Elastically Constrained Ball and Radial Roller 
Bearings Under Arbitrary Load 4nd Speed Conditions 

Sommerfeld Solution for Finite Bearings With Circumferential 
Grooves 

Bearing Ov Ring Performance 

Torque Produced by ci of Hy y 
cated Journal Bearings 

Friction Characteristics of Sliding Surfaces Undergoing Subsurface 
Plastic Flow 

Machining Characteristics of Leaded Steel 

A Genera! Fiow yy aph Technique for the Solution of Multiloop 
Sampled System 

Control System Analysis and Design Via the "Second Method" of 
Lyapunov, Parts 1 and 2 

Relations Between the Notch Tensile Strength of Cylindrical and 
Prismatic Specimens of Titanium Alloys and Heat Treated Steels 

Nonmetallic Inclusions and Fracture Behavior of Steel 

Fracture Mode Transition for a Crack Traversing a Plate 

Use of the Moire Effect to Measure Plastic Strains 

Generalization of Cumulative Damage 

Effect of Relaxation on the Behavior of Materials Under Combined 
Alternating and Static Stress 

Cyclic Operation of Pressure Piping with » Heating 

Creep Rupture Tests for Design of High-Pressure Stearn Equipment 

Steady Creep of a Tube Under Combined Bending and Internal 


Gas-Lubr 


Pressure 
Effect of Wali Thickness on Stress-Rupture Life of Tubular Speci 
mens 


Design of Pressurized Cylinders for High-Temperature Applications 

Response of a Pressure Sensing System 

Dynamics of Heat Exchangers and Thew Models 

Steady-State Creep of a Trick Walled Cylinder Under Combined 
Axial Load and Internal Pressure 

Burst Strengths and Deformations of Weided Composite Turbine 
Wheels as Related to ‘lo uality and Plasticity Calculations 

Twin Throat Venturi luid-Flow Measuring Device 

A Study of pata Effect and its Compensation on Turbine-Type 
Flowmeter 

Quadrant tog e Orifice—A Fluid Meter for Low Reynolds Numbers 

Small. Diameter Orifice Metering 

Analysis of Axially Loaded Annular Shelis With Applications to 
Welded Bellows 

Theoretical and Expe Thrust Bear- 


| Analysis of Hy 


During C 


ings 
Precise Measurement of Clothes 
Operation of tne Human 


Radial Distributions of Temporal-Mean Peripheral Velocity and 
Pressure tor Fully Developed Turbulent Flow in Curved Channels 

Flow Phenomena of Partially Enciose 3 Rotating Disks 

Reugnness Effects on Frictional Resistance of Enclosed Rotating 


Rotating Wakes in Vaneless Diffusers 
Incidence and Deviation-Angie Correlations for Compressor Cas- 


cades 
A Study of Boundary Layer Characteristics of Turbomachine Blade 
Rows and Thew Relation to Over-All Blade Loss 
Laminar Boundary Layers in Oscillatory Flow 
Experimenta! Determination of Statistica! Properties of Two-Phase 
urbulent Motion 
Turbulent Boundary Layer at a Plane of Symmetry in a Three- 
Dimensional Flow 
Heat-Transter Characteristics of Hot-Film Sensing Element Used in 
low Measuremen 
Adiabatic Bulk Modulus of Normal Paraffin Hydrocarbons From 
Hexane to Hexadecane 
Variable Flow e With Ady b Orifice Plates in 


Senes 
Cycle-Dependent Stress Relaxation of A286 Allo 
Low-Cycle Fatigue of Two Nickel-Base Alloys 


by Thermal-Stress 


ycling 

Stability of Metals Under Cyclic Plastic Strain 

Roll-Force and Torque Coefficients for Hot-Strip Stee! Mill 

Viscous Bey onlay > in Water Hammer 

Review Surge. Tank Stability Criteria 

Selection of Length and Head Scales for Cavitation Tests 

Some Corrosion Effects in Accelerated Cavitation Damage 

Cathodic Protection in Cavitation Damage 

Correlation of Cavitation Inception Data for a Contrituan! Pump 
Operating in Water and in Sodium ay ata Alloy (N. 

Creep-Rupture Properties of 80 Ni-20 Cr Alioys 

Extrapolation of Families of Relations, With 
Application to Creep-Rupture 

Some Observations on the Eeosteuen of High-Temperature 
Ferritic Steel Data 

Fabrication and Annealing Factors Attecting Grain Size of i8Cr8Ni- 
Ti Superheater Materials in Steam Bo 

Survey of Various Special Tests Used to ;- Elastic, Plastic, 
and Rupture Properties of Metals at Elevated Temperatures 

Role ved Atmosphere in the Creep-Rupture Behavior of 80 Ni-20 Cr 


Allo 
Bourdon Tube Deflection Charectoriatics 
Control of O11 Whip Frequency Ra 
influence of Elastic Compliance “sliding Friction in Ball Beariny 
Pressure Osc Water Cooled Nuclear Reactor Induced 

Water Hammer Wa 
Pressure Surges in Pipelines Carrying Viscous Liquid 
ib Oimensional Fiow With Standing Vortexes in Ducts and Dif. 

users 
n Experimental Study of Cavitation in a Mixed Flow Pump Impetier 
the Occurrence of Cavitation 
Pump Design Theor 

Accelerations and Mean Trajectories in Turbulent Channel Flow 
Supersonic Diffuser for Radial and Mixed Flow Compressors 


TECHNICAL BRIEFS 


Cavitation Problems in Cryogenics 
Elastic Orifices for Gas Bearings 


Each Section is cloth bound 
and well indexed 


PRICES: 


For the three sections—$38.00* ($41.00* 
outside the U. S.) 


For any one of the sections—$16.00* 


50% less to ASME members, engineer- 
ing universities, public libraries 


* Plus handling charges if remittance 
does not accompany the order. 
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space systems planning and 
engineering in a unique role 


The scientists and engineers of Aerospace Corporation are in the fore- 
front of advanced planning and general systems engineering. Their unique 
role : critical civilian link uniting government and the scientific-industrial 
team developing space systems and advanced ballistic missiles. In pro- 
viding broad scientific and technical leadership to every element of this 
team, they are engaged in activities spanning the spectrum from formu- 
lating new weapons systems concepts to technical supervision of the 
over-all industry team performing research, development, and test of 
missile/space systems. Specific activities include investigation of tech- 
niques for improving the state-of-the-art in propulsion, structures, guid- 
ance, communications and other engineering skills related to missile/space 
missions; feasibility studies of new weapons systems concepts and pre- 
liminary design of promising systems; formulation of development 
programs; conduct of critical experiments; technical supervision of the 
development and test program. Men with these backgrounds are invited 
to write to Mr. George Herndon, Aerospace Corporation, Room 126, 
P. O. Box 95081, Los Angeles 45, California. 


Organized in the public interest and dedicated to providing objective leadership 
in the advancement and application of space science and 
technology for the United States Government. 


AEROSPACE CORPORATION 
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These “extras” make 


umpmaste 


cost less in 
the long run! 


A heavy-duty, pre-engineered pump, BJ Sumpmaster has the 
“extras” in design and materials that save you money in the 
long run. High heads to 400 feet at low speed mean longer serv- 
ice, less wear and down time. Superior Meehanite castings used 
throughout —semi-open impellers are quickly adjustable for 
wear. Two-piece headshaft for ease of inspection and mainte- 
nance. Entirely self-contained for fast installation. High effi- 
ciency — non-overloading HP characteristics over the entire 
capacity range to 3500 gpm. Compact and self-priming, with 
choice of oil or self-lubricated shafting ... packing or mechan- 
ical shaft seals. Sumpmaster is designed for rugged service in 
sump, circulating, cooling, booster and general industrial pump- 
ing applications —and it’s now available from stock for imme- 
diate delivery. 


AW WA Invitation-— See for yourself how 
BJ Sumpmaster “extras” cost less in the long 
run. A cutaway pump mode! will be on display 
during the AWWA Convention, June 4-9, in 
Detroit. 


BYRON JACKSON PUMPS, INC. 


P.O. Box 2017-A, 


SUBSIDIARY OF BORG-WARNER CORPORATION 
P.O. Box 70, Lawrenceburg, Indiana 
Terminal Annex, Los Angeles 54, California 
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MECHANICAL CATALOG 
HELPS YOUR COMPANY SELL 


Mechanical Engineers’ Catalog is a powerful 
selling tool for your company. Each year, more 
than 20,000 copies of the Catalog are distributed 
in response to individual requests, and most of 
them go to ASME members. Each copy of the 
Catalog is used by an average of seven other en- 
gineers as well, to select equipment and locate 
suppliers. 

These engineers, like yourself, are a prime mar- 
ket for industrial equipment. Companies that 
advertise in the Catalog realize this, and im- 
prove their products’ chance to be chosen by pro- 


viding photos, dimensions, operating data and 
other information. 

Very likely you refer to the Mechanical En- 
gineers’ Catalog in your own work, and you know 
how helpful advertising in the Catalog can be to 
a company’s sales. 

Is your company planning to be an advertiser 
in the 1962 Mechanical Engineers’ Catalog? 
If so, it is taking advantage of one of the best 
ways to bring its products to the attention of the 
mechanical-engineering profession. 


1962 
MECHANICAL ENGINEERS’ CATALOG 


Published by the American Society of Mechanical Engineers 
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Stoker-fired boiler being shop assembled. 


Coal fuels this push-button packaged steam generator 


Good news for industry in areas where coal is economical 
—FW stoker-fired packaged steam generators that are 
comparable with the most advanced gas and oil fired 
units. Engineered and built with precision, the design 
has been thoroughly proved and tested in more than 
two years of operation at full design capacity and above. 
Performance has been consistently better than expected 
under all operating conditions. 


Units designed for semi-automatic operation are avail- 
able in three standard sizes: 43,000, 50,000 and 63,000 
lb/hr steam capacity at pressures to 250 psig. Push- f= 
button control brings these units on or off banked fire. ame en 
They may be converted to oil firing in a matter of hours. my poets (7g ei) 

And for easy handling and speedy low-cost erection, 
they are shipped in three major subassemblies, one of | H 
which is the complete boiler and economizer section SL it 
shown above and at right. 


For complete performance and descriptive data on 
FW stoker-fired packaged steam generators, request > 
bulletin PG59-4. Standard oil and gas fired units are ATER SECTIONAL ELEVANON FORCED DRAFT FAN 
also available in capacities from 13,000 to 100,000 lb/hr. :' 

Foster Wheeler Corporation, 666 Fifth Avenue, New Heat Engineered products, plants and proc- 
York 19, New York. esses .. . for the world’s industrial progress. 


FOSTER WHEELER 


NEW YORK TORONTO LONDON PARIS MILAN TOKYO 
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INCREASED WEIGHT 
OF BRIDGEWALL 
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(CARBON-GRAPHITE) 


FOR 


GRAPHITAR’S own character makes it depend- 
able. A non-metallic engineering material, 
formed from carbon and graphite powders and 
a special binder, compacted under high pressures 
and furnaced at temperatures up to 4,500°F., 
GRAPHITAR possesses inherent characteristics 
that give finished parts exceptional depend- 
ability. GRAPHITAR’S natural heat resistance, 
for example, gives bearings, seals, vanes and 
rings exceptional dependability whenever de- 
pendability is one of the prime requisites. 


There are other characteristics every bit as im- 
portant to GRAPHITAR’S dependability. They 
include chemical and magnetic inertness, me- 
chanical strength and adaptability to self- 
lubrication. Besides these natural characteristics, 
GRAPHITAR engineers can control porosity, 
strength and hardness to match GRAPHITAR’S 
physical properties to each individual applica- 
tion. It’s little wonder that GRAPHITAR has 
become one of the design engineer’s most versa- 
tile and useful materials, 


In this laboratory test stand, oxidation-resistant 
GRAPHITAR parts are being checked under simu- 
lated operating conditions. Similar tests have proven 
that, when GRAPHITAR parts are exposed in oxidiz- 
ing atmospheres at 1,200°F., they show only a weight 
loss of less than six percent after 200 hours. 


At ] 
wee 
3 “ht 
Ay 
i 
st 
— pment such as the Metallograph enables 


GRAPHITAR air/oil seals employed in today’s high- 
speed turbojet engines have established an enviable rec- 
ord for operating dependability. Installed on the main 
shaft of the turbine, GRAPHITAR seals successfully 
withstand tremendous shaft speeds and generated heat. 


$ 


GRAPHITAR bearings in the power reactor pumps Unusually shaped parts of GRAPHITAR can be 
of American nuclear submarines have compiled an molded easily with today’s modern techniques. 
outstanding record for dependability. Ears, face slots and outside diameter notches of 
friction disc above, left, were molded in one 
operation without need for secondary machin- 
ing and finishing. 


Do you have an application in which GRAPHITAR’S dependability can help 
solve a tough problem, reduce your costs and improve the operational life of 
your products? Our engineering staff can help you find out. Our field men can 
also give specialized, on-the-job consultation. Send for your free copy of 
Engineering Bulletin #20. Included is helpful information about the properties, 
characteristics and applications of GRAPHITAR. 


DIVISION OF THE WICKES CORPORATION, SAGINAW 4, MICHIGAN 
GRAPHITAR” © GRAMIX® powneR metauiurcy © MEXICAN” crapnite prooucts © USG® prusnes 
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SOME PLAIN FACTS 


ABOUT SUPERIOR PRECIPITATOR PERFORMANCE 
Buell Precipitators are designed and constructed for rugged service and superior performance. Frills and 
internal frim-fram of a doubtful value are eliminated in favor of strength and simplicity. The casing, out- 
side supports, and internal parts are of rugged construction; and the four-point suspension of emitting elec- 
trodes ensures the greatest stability. Here are just a few of the outstanding features of Buell Precipitators. 


RAPPING MECHANISM 


COLLECTING 
ELECTRODE 


COLLECTING ELECTRODE 


GAS FLOW 


Effective Continuous Cycle Rapping—Yes, it’s mechanical. A 
simple, rugged system free of complicated gadgets; assures 
positive dust shearing action. Each row of electrodes is rapped 
separately—in the direction of the gas flow—on a continuous 
cycle. Dust is sheared off, drops in an agglomerated mass and 
pockets on electrodes minimize reentrainment. 


ADJUSTABLE BAFFLES 


ADJUSTED FOR 
PROPER DISTRIBUTION 


EVENLY SPACED 


Uniform Distribution of Gas Flow—Field adjustment capability 
is vital. Buell’s adjustable baffle permits final positioning after 
field measurement of actual flow distribution. . . because gas flow 
patterns are not entirely predictable. The Buell distribution system 
assures equal gas loading through the precipitator; eliminates in- 
effective “dead” areas around passages and prevents ‘“‘sneak-by.” 


Buell precipitators are simple and effective. They’re 
designed for continuous service. You'll be glad 
you turned to Buell when you experience superior 
performance and low maintenance. Detailed 
literature describing all features is available. 


bue 
| Norblo | 


SEALED INSULATOR COMPARTMENT 


SEALED 
INSULATOR 
HEATER 


Sealed Insulators Improves Operation—High voltage quartz 
support insulators are completely sealed; prevents gas and dust 
leaking into insulator compartment and outside air leaking into 
precipitator. There is no need for costly ventilating systems. 
Thermostatically controlled electric heaters insure start-up with- 
out danger of moisture condensation and insulator breakdown. 


Buell Spiralectrodes cut maintenance to a minimum. Buell’s 
record stands at less than 1% replacement in this key area. Self- 
tensioned spiralectrodes eliminate vibration and “off-center” 
swaying, often prevalent with weight-tensioned wires. They're 
structurally fixed and once installed stay in alignment. The 
spiralectrode provides greater emission than straight wires. 


The Buell Engineering Co., Inc., Dept. 58-E, 123 
William Street, New York 38, N. Y. Northern Blower 
Division, 6421 Barberton Avenue., Cleveland, Ohio. 
wElectric Precipitators Cyclones @Bag Collectors 
=Combination Systems @Fans w@Classifiers. 
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ultimate 
motor winding | 


U.S. EVERSEAL 


Protects against heat...water...chemicals 


U.S. EversEa resin-encapsulated windings are completely protected 

against severe environments: Heat, cold, vibration, acids, gases (even in Note complete coverage 
high concentrations), lye, potash, ammonia, caustic soda, salt, abrasives, "4 protection provided 

by molded end-turn 

carbon black, graphic dusts, and many other conditions that formerly construction. 

meant short motor life. In many applications, EversEau provides the pro- 

tection of totally-enclosed motors while still maintaining the higher service 

factor of open motors. U.S. Motors developed a way of molding without 

excessive thickness. Fully molded U.S. EverseaL complete encapsulation 

is available on any U.S. motor, % h.p. to 125 h.p. On higher horse- 

power motors, U.S. offers EversEau silicone rubber insulation. Request 


free Everseat literature. 


U.S. ELECTRICAL MOTORS INC. 


P.O. Box 2058 « Los Angeles 54, California or Milford, Connecticut 
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Send for your 


ROTO-PAK BOOKLET 


MEAT EXCHANGER 
§ 


GET ALL THE FACTS 
O\ THE MOST 
EFFICIENT HEAT 
EXCHANGER OF IT'S 
SIZE EVER DEVELOPED 


Up to 90% efficient 

Sizes from 11” x 20” to 13” x 55” 
Handles up to 30,000 Ibs per hour 
Handles temperatures up to 1000°F 


Provides low-cost heat recovery with 
minimum maintenance for chemical 
processing, ventilating systems, air 
conditioning, drying processes, air 
purification, food processing, filtering 
systems, fume and dust control. 


For your free copy of the ROTO-PAK™ BOOKLET, write 


THE AIR PREHEATER 
CORPORATION 


60 East 42nd Street, New York 17,N.Y. 
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22” insert type nuclear reactor nozzle 


Lenape’s Depth of Resources—imaginative engineering, ‘‘cus- 
tomized"’ design, extensive facilities and skilled workmanship 
—has, for nearly 40 years, produced the finest connections for 
pressure vessels. Typically, when Nuclear Age reactor vessels 
posed a new set of connection problems, Lenape called on that 
Depth to fashion a wide range of nozzles and connections 
meeting the most stringent requirements. 


Count on Lenape’s Depth to answer your connection 
problems. Write for the Lenape catalog today. 


OLENAPE 


LENAPE HYDRAULIC PRESSING & FORGING CO. 
OEPT. 114 WEST CHESTER, PENNSYLVANIA 
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A 24-PAGE LIST OF 
ASME PUBLICATIONS 
is included in the 
1961 MECHANICAL CATALOG 
Copies of this List are obtainable from 
THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


Publication-Sales Dept. 
29 West 39th St., New York 18, N. Y. 
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ROD END EXTERNAL 
FHREAD TYPE 


Self-Lubricating 
SPHERICAL BEARINGS 


Combine "Monoball: Engineering Advantages with Life-Time Lubrication 


Design engineers in many industries are specifying new “DYFLON”® SELF-ALIGNING and SELF-LUBRICATING SPHERICAL BEARINGS 
for these 5 major reasons: 

1, LOWER COEFFICIENT OF FRICTION In addition, due to their two-piece ““MONOBALL”® 
..ideal where lubrication is impossible or undesirable. design and plastic alloy insert, “DyFLON’® bear- 
2. WITHSTAND EXTREME VIBRATION rte ings have a long cycle life. Alignment and installa- 
... perfect spejintonsongon aoe shock load conditions. tion problems are minimized. Oil-free for life 

4. IMPERVIOUS TO KNOWN CHEMICAL SOLVENTS Available in a variety of plain or rod end types. 
..eliminates corrosion problems. Bore sizes to 3.000”. Materials include stainless 
5. FAIL-SAFE ... due to “Monoball”® design. steel, plastic alloys and chrome alloy steels. Ulti- 

Request Engineering manual No. 551. mate static loads to 500,000 Ibs. 
1705 SO. MOUNTAIN AVE. 


SOUTHWEST PRODUCTS CO. wmonrovwa. catir.- PHONE: MURRAY 1-9616 
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“Fight COMPLETE 


“1 | DATA-on anew 
HEALTH ENEMY | class of insulating 


material 


FIBERFRAX 
CERAMIC FIBER 


FIBERFRAX, the versatile, light weight alumina- 
silica fiber, is now available in a wide variety of 
forms, including bulk, tubing, rope, textiles, paper, 
board, block, blanket and cast shapes. It offers new 
potentialities for high temperature insulation, light 
weight refractories and filters. It extends the tem- 
perature range of fibrous insulating materials to 
2300°F and beyond. 
Full technical data and valuable suggestions for 
H EA RT use are contained in this new booklet. For your 
we copy, write Dept. ME-51, Ceramic Fiber Project, 
Refractories Division, The Carborundum Company, 


FUND Niagara Falls, N.Y. 
CARBORUNDUM 
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Hardly larger than cigarette packages, wire spring relays form the heart of switching apparatus for more than 200-million telephone 
calls a day. The pencil indicates the top row of tiny palladium-capped contacts which are vital to the relay’s switching functions. 


Probing for palladium via thermoelectricity 


Wire spring relays are vital to the Bell Telephone 
’s reliable, high-speed switching equipment. 


System 
Western Electric will manufac- 
ture more than 13 million relays 
in 1961. Palladium-capped con- 
tacts on these relays are necessary 
for their optimum performance— 
therefore, positive verification of 
the palladium is essential. 

Verification by existing means 
has proved to be extremely diffi- 
cult, however, because of the caps’ 
size (only 1.01 x 0.73 x 0.042 
‘inches) and the fact that the pal- 
‘ladium and the cupro-nickel base 
‘blocks to which the caps are 
welded are similar in color, mak- 
ing visual checking highly unsat- 
isfactory. Also, the characteris- 
tics of the metals involved make 
ordinary electrical and magnetic 
methods impractical. 

To overcome this problem, 
Western Electric engineers have 


developed and built an ingenious machine which 
utilizes the Seebeck thermoelectric effect, by which 
an electrical circuit made up of two different 
metals generates an electric current when the junc- 
tion between the two metals is heated. In this case, 
nickel and palladium were the metals involved, but 
another feature of the Seebeck effect is that a cir- 


‘The single wire block — a component of 


the wire spring relay —showing the 
cupro-nickel contact points, some of 
which must be capped with palladium. 


Contact verification machine, devel- 
oped and built by Western Electric, 
being programmed to check wire blocks 
for dielectric breakdown, physical con- 
figuration, and palladium contacts. 


MANUFACTURING AND SUPPLY 


Circle No. 154 on Readers’ Service Card 


cuit composed of nickel and cupro-nickel generates 
a current which flows in the opposite direction. 


The engineers made use of this 
feature by using nickel probes — 
preheated to 300 degrees Fahren- 
heit — in the new machine. The 
probes. touch all contacts on the 
relay’s single wire block assem- 
bly, and the direction of the cur- 
rent produced indicates whether 
the probe has contacted palladium 
or the cupro-nickel base metal. 
Amplifier circuits enable the “‘in- 
dicator” currents to operate auto- 
matic controls and automatically 
reject defective assemblies. 

Being able to intentionally 
leave caps off certain pre-selected 
contacts is also a prime advantage 
of this new verification process, 
since hundreds of thousands of 
relays use less than the maximum 
number of contacts. Savings in 
material costs, which are made 


possible by omitting precious palladium from un- 
used contacts, are significant. But the most impor- 
tant advantage of the process is the proven ability 
to produce a product with verified quality — the 
kind of quality required by the Bell System’s 
twenty-three local telephone companies to give 
highly dependable telephone service. 


UNIT OF THE BELL SYSTEM 
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OPPORTUNITIES 


RATES: Classified advertisements under this heading in MECHANICAL ENGINEERING are inserted at the rate of $4.50 a line. 
Minimum insertion charge, 5 line basis. 


to the line average. han th 
n the 


of one inch at flat rate of $45.00 per inch per insertion. Copy must reach us not later t 


A box number address counts as one line. 


positions open 
instruments, etc. wanted and for sale ¢ representatives « 
business for sale « 


ANSWERS to box number advertisements should be addressed to ane, box 
number, care of ‘“‘Mechanical Engineering,’’ % 2 


patents, books, 
sales agencies 
manufacturing facilities 


positions wanted ¢ equipment, material, 


partnership capital 
29 West 39th St., New York 18, 


$2.00 a line to members of ASME. Seven ae 
Display advertisements carried in single column units of multiples 
10th of the month preceding date of publication. 


POSITIONS OPEN 


DEVELOPMENT AND SALES ENGINEERS 
VALVES and mechanisms for critical high-pressure, high- 
temperature services in the 
process and power fields—incl 


. M. Evan, Edward Valves, toc., 


"Manufacturing Company, 1290 Ww. 145 St., 
East Chicago, Indiana. 


perience preferably on mining projects. 


‘owing marine, petroleum, 
ing nuclear power. preferably on mining projects. 
subsidiary 


Engineeriog.”” 


For one to two years assignment in Far East— 


Mechanical engineer with design and construction ex- 


Electrical engineer with design and construction experience 


Send full record. Address CA-7152, care of ““Mechanical 


PACKAGED BOILER 
DESIGN ENGINEERING 


Intriguing opportunity for boiler design 
engineer to apply his experience in the fast- 
industry. Experience in packaged units, 
500,000 to 3,000,000 Btu, preferred. Five 
years’ experience ideal. Mechanical en- 
gineering degree required. 


MECHANICAL ENGINEERING 


SENIOR 


PROJECT ENGINEER 


Responsible Growth Position with 


The continued expansion of our INDUS- 
TRIAL GAS DIVISION has created this 
ning on the Division Engineering Staff. 
e activity is concerned with the production 
and distribution of industrial gases and 
cryogenic liquids, such as oxygen, nitrogen, 
argon, hydrogen and helium. 


In this position, emphasis will be on having 

full project responsibility with minimum 

supervision for overall planning, design, fabri- 
cation, construction, and start-up of small to 

medium size process plants, liquid and high 

— gas storage systems. This position 
as outstanding growth potential. 


The man we are looking for will have either an 
ME or ChE degree with a minimum of 5 years’ 
project engineering experience in the process 
industry. This should include construction 
and start-up experience. 


Well evaluated salary program and _ tuition 
~~ plan. resume in confidence to 
. J. Pedrick Jr., Manager of Recruiting. 


Department 3102. 


INCORPORATED 
ALLENTOWN, PA. 


The Trane Company is the growth com- 
pany in the air conditioning, heating, ven- 
tilating, and heat transfer industry. 

For more information, write: G. J. Bump, 
Staff Employment Manager, The Trane 
Company, La Crosse, Wisconsin. 


| 


ANY AIR CONDITION 


San 
Francisco 


Refinery and Chemical Divi- 
offers immediate “for 
ployment opportunities for 
mechanical, p ee or in- 
strumentation engineers 
capable of assuming re- 
sponsibility on design of 
major petrochemical, refinery 
or similar processing units. 


Relocation allowances cover moving costs 
plus transportation reimbursement for 
ou and members of your family. If you 
ve an interest in a San Francisco 
assignment, please send a resume = 


ludi 
Manager of 


Bechtel 


Corporation 
220 Montgomery Street 


SAN FRANCISCO 


Use a CLASSIFIED 
ADVERTISEMENT 


for Quick Results 
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NEW OPENINGS at 


Bausch & Lomb 


MECHANICAL ENGINEERS 


Several openings are available in the Mechanical Design Section 
where an engineer has project responsibility from specifications to a 
saleable product. The products invo!ved are mechanical—electrical— 
optical in nature. These positions require board design, inter-plant 
engineering coordination, drafting supervision and production as- 
sistance. 


PROJECT ENGINEERS 


The Military Products Department has several challenging open- 
ings for Project Engineers. These men will have broad project re- 
sponsibility in the area of optical and electro-optical systems. Should 
be familiar with Military R.&D. Specific optical experience not re- 
quired. Educational background may be in either Electrical or Me- 
chanical Engineering or Physics. 


MATHEMATICIAN 

M.S. or Ph.D. to be responsible for basic research in the Thin 
Film area. Also openings for Mathematicians with an interest in 
Computors and Programming and in Lens Design. 


Bausch & Lomb Incorporated 


OPTICAL ENGINEERS 


Section Head with mature background in optical, mechanical, 
electro-optical or related systems for military projects, with primary 
emphasis on optical system design and hardware follow-through. 
(Career opportunities also available for qualified optical engineering 
section personnel.) 


PRODUCTION ENGINEER 


Department Head for machine and tool design with broad ex- 
perience in mechanical and electro-mechanical manufacturing. Sev- 
eral openings also available for Production Engineers in the areas of 
Time Study, Process Engineering, and Quality Control. 


LIVE IN ROCHESTER 


. in the heart of upstate New York vacation country. Roch- 
ester is noted for its fine schools and the University of Rochester 
(with its Institute of Optics), beautiful homes and gardens, outstand- 
ing cultural advantages, and high ratio of professional residents. 


Please send resume to: H. A. Frve, Professional Employment 
18 Bausch Street, Rochester 2, N. Y: 


MECHANICAL ENGINEERS 


BRUNSWICK CORPORATION is expanding ‘its 
Mechanical Engineering Division and offers outstand- 
ing career activities for graduate Mechanical En- 
gineers qualified to handle positions involving: 


¢ AUTOMATIC MACHINERY DESIGN 
* PRODUCT DESIGN and DEVELOPMENT 


This is an opportunity to associate with a Company 
recognized as a leader in the recreational field and 
whose growth and stability has been outstanding. 
Positions offer good opportunities for advancement. 
Engineers with 3 to 10 years’ experience in the design 
and development of complex mechanical machinery 
with strong educational backgrounds in machine de- 
sign, kinematics, and applied mechanics would be 
most qualified for these positions. Familiarity with 
manufacturing methods suitable for medium volume 
production is desirable. New and modern engineering 
offices offer excellent work environment. The Com- 
pany . is located in Western Michigan, “Heart of 

ichigan’s Vacationland,” offering excellent oppor- 
tunities for family recreational activities. Positions 
offer challenging work, attractive starting salaries 
commensurate with experience, along with excellent 
fringe benefits. 


Send replies experience, and sal- 
ary desired to A. J 


Brunswick 


CORPORATION 
MUSKEGON, MICHIGAN 


Opportunities Unlimited 


ENGINEERING SOCIETIES 
PERSONNEL SERVICE 


SECURITY...TOP WAGES... 
CHALLENGING ASSIGNMENTS 


Qualified Engineers! Thousands of positions available with 
leading organizations... Employer pays fee in many cases. 
Under the auspices of the Five Founder Engineering Societies 
and affiliated with other renowned Engineering Societies, 
E.S.P.S. offers many years of placement experience in addition 
to world wide contacts. 


Write for E.S.P.S. weekly Bulletin of Positions Available. . . 
See a partial listing of available positions in Personnel Section. 


DON’T DELAY—REGISTER TODAY 
Offices In Major Cities In U. S. 


New York Chicago San Francisco 
8 West 40th St. 29 Eest ne St. 57 Post St. 


‘oom 8 
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Important position with 
IBM Product Development 


MATERIALS ANALYST- 
CONSULTANT 


Increased performance demands 
on mechanical systems under de- 
velopment at IBM Lexington, 
Ky., have created an important 
position in mechanical analysis 
areas. 


It is expected that the capabil- 
ities of a wide range of mechan- 
ical devices might be improved 
considerably by extensive studies 
in the mechanical properties of 
materials. 


This new assignment will include 
such long-range studies, as well 
as consulting services to projects 
requiring specialized knowledge 
of materials. Your own capabil- 
ities and interests will dictate the 
diversity and scope of your 
assignments. 


You should have experience in: 
applications of stress analysis to 
mechanical design problems, ma- 
terial specifications, and labora- 
tory testing and/or field failure 
analysis. You should have an 
advanced degree in ME or in a 
closely related field. 


IBM Lexington is developing 
small, high-speed, electromechan- 
ical business systems for the vast 
data handling market. 


This position may lead to im- 
portant future responsibilities in 
either staff or line assignments. 
Available to you will be the facili- 
ties of an excellent technical 
library, analog and digital com- 
putation centers, as well as a 
modern instrumentation and ma- 
terials engineering laboratory. 
Lexington is in the heart of the 
Bluegrass Region and offers out- 
standing recreational, housing 
and schooling facilities. All IBM 
benefits apply, including oppor- 
tunities for university advanced 
study. Candidates will be con- 
sidered without regard to race, 
creed, color or national origin. 


For further details, please write, 
outlining briefly your background 
and experience, to: 


A. J. Ronvaux, 

Dept. 598E 

IBM Development 
Laboratory 
Lexington, Kentucky 


INTERNATIONAL BUSINESS MACHINES 
CORPORATION 
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Original painting by Emil Bisttram, Taos, N. M. 


Tangible returns FROM PURE RESEARCH have been gigantic 


Pure research, stimulated by curiosity and the satisfaction of accomplishment, 
has given us knowledge and understanding of many of the phenomena of our 
world. The rapid exploitation of such discoveries, especially in this century, 
has resulted in our present amazing technology. These tangible returns from 
pure research have been gigantic. From the brilliant investigations of nine- 
teenth-century physicists on the nature of electric and magnetic fields have 
developed electric power, electronics, radio, television. Examples from the 
past are countless. Even in recent decades we have witnessed enormous appli- 
cation of discoveries merely incidental to research in elementary-particle 
physics: isotopes, nuclear fission and power, medical therapy with high-energy 
beams, a step toward controlled thermonuclear power — a list that continues 
to grow rapidly. 

The practical results that must derive from continued exploration . . . cannot 
be guessed. If the past is a guide they will be numerous and fantastic. The 
one thing that we have learned to expect from nature is to be surprised. 


Excerpt: A special Report of the U.S. Atomic Energy 
Commission, January 1961 entitled, “Atomic Energy Research 
in the Life and Physical Sciences, 1960.’ 


For employment information write 
Personnel Director, Division 61-46 


alamos 


scientific laboratory 
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POSITIONS OPEN 
FOR INQUIRING 
MINDS IN 
MANUFACTURING 
RESEARCH 
ENGINEERING! 


Engineering Special Projects 
Bendix of Kansas City, Missouri needs three 
Manufacturing Research Engineers to do 
original work with new materials, and close, 
more exacting work with ordinary mate- 
rials—Minds that will inquire into the many 
branches of technology and bring together 
that combination of techniques capable of 
producing a unique product. As a Prime 
Contractor for the Atomic Energy Com- 
mission, our function is to give the Weapon 
Designer the greatest possible latitude in 
exploiting new materials and techniques. 
We do this by paralleling his design work 
with advanced development of manu- 
facturing processes during the design 
phase. The control of processes must fre- 
quently be so precise that automation is 
required for that reason alone—production 
quantity notwithstanding. 


Engineers who can fill these positions must 
combine original thought with solid training 
n the basic physical sciences. They must 
be able to combine the reasoning of several 
disciplines in the development of a solu- 
tion. Minimum requirements include: 


“Bachelor's Degree in Mechanical, 
Chemical or Electrical Engineering. 


*Strength in one or more of the following 
fields: subminiature transformer and 
toroid production, plastic and rubber 
peta formulation and fabrication, sheet metal 
fabrication, heavy and small parts 
My machining, and fabrication and assembly 
of precise and delicate electrical and 
electronic assemblies requiring special 
environmental facilities. 


ae These are responsible positions for engi- 

<4 neers who are qualified to do original and 
creative work, and who can demonstrate by 
a record of past professional accomplish- 
ment that they possess this ability. Ours 
is one of the nation’s most vital industries. 
We offer unusually generous company 
benefits in a Midwestern community which 
is famous for its beauty and low cost-of- 
living. All replies will be strictly confi- 
dential. 


For personal interview send resume to 
Mr. K. L. Beardsley 
Box 303-UG 


PORATION 


KANSAS CITY DIVISION 
95th & Troost, Kansas City 41, Missouri 
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VWeme to: The Junior ME or ChE... 


Now is the time to get im on 
a ground floor opportunity at 


—the 
leader in the dynamic field of CRYOGENIPS ~ 
te of growth. We are en _ 

—, construction and operation of low temp 


i /e ent. We have a 
i for industry and governmen™. 
technological and scientific acco 


p = 


PROJECT ENGINEER 


of contracts and projects from 


si r: review 

final customer acceptance. Response 
tions anc s, liars ane 

Purchasing Departments, eva 

work progress and assist in plant start-up. til 

S in ME or ChE and 0-3 years. general eng 

nse preferably as project engimeer. 


Direct and coordinate execution 


inception to 
and approva 
neering, Manuf 


Requires B 
ing experience, 


ESTIMATING ENGINEER 
i ses é 
ate the economics of proposed chemical Prrities. 
Evalua estimated cost of complete plan facilities. 
aly cost esti 
ability analyses, © 
equipment industry. Backgroun 
economic evaluation preferred. 
program and tuition refund p 


lan. 
Well evaluated salary 


confidence to 


-esume in 
Department 3542 


Manager of Reeru iting, 


INCORPORATED 
ALLENTOWN, PA. 


MAKE USE OF THE OPPORTUNITIES SECTION 


If you desire capital or have it to invest; if you have a patent 
for sale or development; if you have on hand used machinery 
for disposal, or if you want such equipment; if you have copies 
of publications, or a set of drawing instruments to dispose of; if 
you need help or want a position, in fact, anything to be offered 
that somebody else may want, or anything wanted that somebody 
else may have—use a classified advertisement in MECHANICAL 
ENGINEERING for quick results. 


MECHANICAL ENGINEERING 


: 
e 
bp 
4 
| 
available for. 
te 
+, 
Yer 
+ 
Condi” 
cor 


“OPPORTUNITIES” Section This Month 


189-193 


metal, dies an 


mechanical), and a desire to join a 
ranges up to $12,000. Location in 
man who enjoys outdoor living. 


SENIOR TOOL ENGINEER 


The man we seek must be able to administer a tool design and tool build ac- 
tivity which runs over $4,000,000 each year. As custom fabricators of 
complete lines of equipment for air conditioning, heating, ventilating, and 
heat transfer applications, this position requires man well versed in sheet 
fixtures, machining fixtures and tooling, and welding sub- 
assembly and assembly operations associated with our industry. 


The right man has ten years’ experience, an — ope — 


ideal fo eal for family 


For further information and application, 
ment Manager, The Trane Company, La Crosse, Wisconsin. 


All inquires acknowledged and handled in strictest confidence. 


FOR ANY AIR CONDITION 


write: G. J. Bump, Staff Employ- 


POSITIONS OPEN 


MECHANICAL ENGINEER—Position or Industrial or Prod 
uction Engineer open summer 1961 with University of Kentucky 
Contract Team, Bandung, Indonesia. M.S. required, Ph.D. 
preferred. Industrial experience important. Salary and rank 
open. 2-year assignment. Transportation for family and house 
provided. Send biodata and references to Dr. Merl Baker, Uni- 
versity of Kentucky, Lexington, Ky. 


DEVELOPMENT ENGINEER—Research laboratory of large 
steel producer in western Pennsylvania offers outstanding oppor- 
tunity for a graduate Mechanical Engineer with experience io 
development and design of metals-processing equipment and with 
facility in oral and written communications. Forward complete 
information including salary requirements. Address CA-7151 
care of ‘*Mechanical Engineering.” 


Our expansion | yee opportunity for enterprising MECHANI- 
CAL ENGINEERS, both yn ee and recent graduates, in the 
field of central station and industrial power house equipment. 
Positions are available in sales, machine design, product develop- 
ment, aad ad ation. Stock Company, 731 
Hanna Building, Cleveland 15, Ohio. 


ENGINEER. Excellent Opportunity at Project 

ineer level for BSME with minimum i0 years’ experience, pref- 
erably in heating, ventilating, and air Raper Position 
permanent and open ly with blished Midwest 
consulting firm designing industrial plants, power houses, public 
buildings, office buildings, laboratories. Moving expenses paid. 
Address CA-71§0, ane “Mechanica! Engineering.” 


MECHANICAL SPECIFICATIONS WRITER. Capable man with 
broad experience in specification writing for mechanical phase of 
building construction work is sought immediately by large Mid- 
west consulting firm. Moving expenses paid. Resume showin, 
educational background, experience, — qualifications shou 
be sent. Address CA-7145, care of ‘‘Mechanical Engineering.” 


SUPERVISORY MECHANICAL ENGINEER, GS-12—$8955— 
$10,255 per annum—Requires degree in Mechanical Engineering; 
— and tool design experience in job-lot precision machin- 
ing; and abiliry to give strong technical and administrative 
nen In addition to degree, 3 years of experience is re- 
quired. Interested applicants s should file Standard Form 57 with 
the Director of Industrial Relations, U. S$, Naval Ordnance Plant, 
Macon, Georgia. Forms can be obtained from any Post Office 


MECHANICAL ENGINEERING teaching position. Man with 
Ph.D —- on Master's degree with course work for Ph.D. 
in the thermodynamics—heat transfer field to teach at the under- 
graduate and graduate levels. Address CA-7148, care of “Me- 
chanical Engineering.” 


REPRESENTATIVES AVAILABLE 


OHIO REPRESENTATION: Well established manufacturers’ 
agent, graduate engineer, interested in one 

account in the state of Ohio. Must be well rated firm making a 
product that requires engineering knowledge to do a good sales 
job. Address CA-7149, care of “Mechanical Engineering.” 


MECHANICAL ENGINEERING 


MEE CHANICAL 


Unique Ground Floor Opportunity 

with New Long Island ney, 
BS, ME, 2-6 years’ experience 
coating or paper making field. Duties include pam md 
ment engineering and maintenance, process develop- 
ment and industrial engineering. lies confiden- 
tial. Send resume and salary yo to Dr. 
William Mullen. 
PAPERS, 


PLASTIC 
210 Miller Rd., Hicksville, L 


THERMAL POWER STATIONS 
PROJECT SUPERINTENDENTS 
ASSIST. 
Sivil—-Mechanical—Electric: 
START AND TEST ENGINEERS 
SHIFT OPERATORS 
LOCATION FAR EAST 
Qualified applicants submit resume to 
THE KULJIAN CORPORATION 
1200 N. Broad St. —Philadelph a 21, Pa. 


MECHANICAL ENGINEERS 


Project level positions open in both Chicago and New York 
offices of established consulting engineering organization. 
Minimum qualifications: BSME degree, power option, 
10 years’ experience in design of steam-clectric generating 
stations; ability to perform all calculations and write 
specifications for —— controls and installation 
contracts. Duties include supervision and manpower 
control of mechanical design-drafting group. Balanced 
personality required for client contact and internal co- 
ordination. Career opportunity aad possibility for even- 
tual ownership participation. Submit two copies of 
complete resume. 


Address CA -7143, care of Mechanical Engineering.” 


ENGINEER OR PHYSICIST — 
FLUID MECHANICS 


M.S. or Ph.D. in E 
on with strong background 

interest in hy: ynamics or 
fluid mechanics is sought by a 
leading paper company. 


Creative ability and a dedicated 
attitude toward research is re- 
quired. ‘Two years’ experience 
in or industrial 
desirable but not absolutely es- 
sential. 


The work involves research and 
analysis in many areas of fluid 
flow including material transport, 
turbulence, boundary layers, 
mixing, flow through porous 
webs, free and submerged —_ 
secondary motion and two-p 

ow. 


This position, located at our Re- 
search and Development Cen- 
ter, offers every opportunity for 
professional recognition and 
growth in the presence of stim- 
ulating associates, working con- 
ditions and recreational oppor- 
tunities. 


Salary open. 
program. 


eering or 


Liberal benefit 


Your resume of experience and 
training be ndled im- 
mediately and in complete confi- 
dence. 


For detailed information and ap- 
plication form, write to 


PERSONNEL PROCUREMENT 
KIMBERLY-CLARK CORPORATION 


POSITIONS WANTED 


MECHANICAL ENGINEER —Iaventor CBSME degree, Purdue 
"42), with 17 years’ exprience in the design and development of 
mechanical, electrical, magnetic and nuclear devices, desires short- 
time, part-time employment (now self-employed). Address CA- 
7150, care of ‘‘Mechanical Enginering.”’ 


ENGINEERING MANAGER: Extensive experience in machine 
design, structural design, mechanical engineering and shop tech- 
niques. Heavy ibility for ad ation, pl g, and 
supervision of professionals and = | personnel. Can provide 
broad engineering capability coupled with managerial ability. 
Age, 41. Registered P.E. Interested in position as chief engi- 
— ject manager, staff engineer, etc. Address CA-7160, care 
chanical Engincering 


Mature ch oak SENIOR PROJECT and DEVELOPMENT 
ENGINEER, B.S.M.E., M.S.1.E., desires administrative engi- 
neering capacity. Location: Major US. city. Government 
clearance: Q. $15, 000+. Address CA-7154, care of “Mechan- 
ical Engineeriag.” 


EMPLOYMENT AGENCIES | 
AND SERVICE BUREAUS 


PERSONNEL, INC. 


A NATIONAL 


APPLICATION 
OR SEND 


NUCLEAR FIELD 
CONFIDENTIAL NO CHARGE TO 
HANDLING INDIVIDUALS 
Suite 1207-P, 1518 Wainut St., Phila. 2, Pa. 


ATOMIC 
WRITE FOR © 


SALARIED POSITIONS—$6,000 to $35,000. We offer the orig- 
inal personal employment service (established $0 years). Pro- 
cedure of high standards individualized to 7 | require- 
ments. Identity covered. Particulars—R. * Bis xby, Inc., 662 
Brisbane Bidg., Buffalo 3, N. Y. 


SALARIED PERSONNEL $6,000 to $35,000. This nation-wide 
service successful since 1927 finds openings in your field. Sells 
your abilities: arranges contacts. 

Write for details—Jira Thayer Jennings, P. O. Box 674, Map- 
chester, Vermont. 


Use a CLASSIFIED ADVERTISEMENT 
For QUICK RESULTS 


MAY 1961 / 193 


a 
I 
\ 
¢ 
H : 
: : 
: 
H 
ie 
H 
NEENAH, WISCONSIN 
! 
- 
yy. 


DOW RECOVERS 425°F WITH 


LJUNGSTROM® 


When Dow Chemical Company’s 
Westside Power House at Midland, 
Mich., starts up their new 650,000 
lb/hr boiler, more than half the 
waste heat will be recovered by a 
Ljungstrom Air Preheater. Dow’s 
newest Ljungstrom (this is the 
eighth in their system) was de- 
- signed to lower stack gas tempera- 
ture from 700°F to 275°F, thus 
recovering 425°F. As a direct result, 


AIR PREHEATER 


company engineers expect at least 
10% reduction in fuel costs. 
On process stills or boilers—or 
wherever large volumes of heat are 
involved—Ljungstrom Air Pre- 
heaters improve combustion, make 
fuel burn more completely. It’s pos- 
sible to save as much as 20% on fuel. 
All major public utilities use 
Ljungstroms; as do many major 
chemical and petroleum processing 
Circle No. 4 on Readers’ Service Card 


This 25’ Ljungstrom rotor will contain 
a total heating surface of 128,000 sq ft. 
Continuous heat recovery by this unit 
will boost the temperature of incoming 
combustion air from 100°F to 585°F. 
Every 45-50°F thus returned as preheat 
increases boiler efficiency about 1%. 


companies. Chances are, you, too, 
could benefit. For additional infor- 
mation, call or write The Air 
Preheater Corporation, specifying 
type of application. 


THE AIR PREHEATER 
CORPORATION 


60 East 42nd Street, New York 17, N.Y. 


. 


CONSULTING SERVICE 


RATES: One-inch card announcements inserted at rate 
of $30 each issue, $25 per issue on yearly contract 


BLACK & VEATCH 
CONSULTING ENGINEERS 


Electricity— W ater--Sewage—-Gas— Industry 
Reports, Designs, Supervision of Construction 
Investigations, Valuation and Rates 


1500 Meadow Lake Parkway, Kansas City 14, Mo. 


PETER F. LOFTUS CORPORATION 


Design and Consulting Engineers 
Electrical © Mechanical 
Structural * Civil 
ON 
uclear Architectural 


FIRST NATIONAL BANK BUILDING 
Pittsburgh 22, Pennsylvania 


SARGENT & LUNDY 
ENGINEERS 
Consultants to the Power Industry 
STUDIES « DESIGN + SUPERVISION 
140 South Dearborn Street, Chicago 3, Ill. 


GILBERT ASSOCIATES, INC. 


Engineers and Consultants 


Design and Supervision of Construction 


Mechanical @ Electrical Nuclear 
Sanitary @ Chemical! Laborat 
Business and Economic Resea 


New York READING, PA. Washington 


PROPANE GAS PLANTS 
ANHYDROUS AMMONIA PLANTS 
Designed and Installed 


PEACOCK CORPORATION 
Box 268, Westfield, N. J. 


STANLEY ENGINEERING 
COMPANY 


Consulting Engineers 
Hershey Building 208 S. LaSalle Street 
Muscatine, la. Chicago 4, Illinois 


HARZA ENGINEERING COMPANY 
CONSULTING ENGINEERS 
Hydroelectric Plants and Dams 
Transmission Lines 
Flood Control Irrigation 
River Basin Development 


400 West Madison Street Chicago 6 


Consulting & Design 
Engineers 


Public Utilities — Industrials 
Purchasing — Construction Management 


231 So. La Salle St. Chicago 4 


SUMCO ENGINEERING, INC. 
ENGINEERS* CONSULTANTS®*CONTRACTORS 
All phases of Chemical cleaning 


CALDWELL, NEW JERSEY 


JACKSON & MORELAND, INC. 
JACKSON & MORELAND INTERNATIONAL, Inc. 
Engineers and Consultants 
Electrical—Mechanical—Structural 
Design and Supervision of Construction for 
Utility, Industriel and Atomic Projects 
Surveys—Appraisals—Reports 
Technical Publications 


BOSTON — WASHINGTON — NEW YORK 


hu Ijian 
ENGINEERS CONSIRUCTORS* CONSULTANTS 


POWER PLANT SPECIALISTS 


(Steam, Hydro, Diesel) 
UTILITY © INDUSTRIAL © CHEMICAL 


An announcement in this 


section will acquaint others 


with your specialized practice. 


SVERDRUP & PARCEL 


Engineers—Consultants 
Design @ Construction Supervision 
Steam and Hydroelectric Power Plants 
Power Systems e Industrial Plants 
Studies e Reports 


San Francisco ST. LOUIS Washington 


COMPLETE LABORATORY SERVICE 
ELECTRON! ITED STATES TESTING 


COMPANY, INC. 


above consultants are available 


to work out solutions 


to your engineering and management problems. 
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KENNEDY’S 


Union Bonnet and Cylindrical 
Body Increase Valve Life... 


Heavy bronze union bonnet ring 
is entirely separate from the bon- 
net to eliminate any possibility of 
springing the bonnet face when 
assembling or disassembling the 
valve. 


Cylindrical body withstands 
sudden pressure. This construc- 
tion resists rupture and minimizes 
deflection whea under severe 
pressure. Pressure in ordinary 
valve bodies tries to push the 
body wall out. Rupturing stresses 
concentrate where wall has the 
shortest radius. This deflection 
causes early valve failure in ordi- 
nary valves. 


@ Write today for complete details. 


125 Ib. S.W.P. Bronze Gate Valve 
Union Bonnet e Rising Stem 
Inside Screw @ Wedge Disc 


4, 


Kennedy's Union Bonnet per 
mits repeated dismantling tor easily disassembled into com 
cleaning or inspection and re ponent parts for installation in 
assembly without danger of otherwise inaccessable places 
distortion of the valve. The in existing lines or for new in 
bronze -to-bronze construction _stallations. 

makes a tight union for -tight, 

leakproof 


Kennedy's Fig. 525 can be 


Pressure in ordinary non- 
cylindrical valve bodies tries 
to push the body wall out 
te form a circle or cylinder. 
R stresses concen 
trate where wall has the 
shortest radius. Resultant de 
flection causes leakage over 
disc and early icilure. 


Kennedys cylindrical 

body construction when 

under severe pressure re- 

cists rupture and minimizes 
thus 


1-KENNEDY VALVE mec. co.— 


ELMIRA; NEW YORK 


VALVES + PIPE FITTINGS + FIRE HYDRANTS 


@ OFFICES AND WAREHOUSES IN NEW YORK CHICAGO SEATTLE SAN FRANCISCO ATLANTA @ SALES REPRESENTATIVES IN PRINCIPAL cies @ 
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Koppers Sealing Rings 
give ensured actuation! 


Koppers solves diverse and difficult sealing problems. 


Modern supersonic jets and dump trucks—as dissimilar as they 
appear—both depend on Koppers Sealing Rings for efficient 
hydraulic system operation. Koppers Predictable Performance 
Sealing Rings are used in a wide variety of applications .. . 
engineered to satisfy each requirement of both hydraulic and 
pneumatic sealing. 


Koppers has the technological skill, gained through 38 years 
of experience, to meet the most critical performance require- 
ments in any sealing application. Look to Koppers to solve 
your sealing problems. For an informative booklet on Metallic 
Sealing Rings write to: KopPpERs CoMPANy, INc., 6805 Hamburg 
Street, Baltimore 3, Maryland. 


® 


A Koppers Sealing Ring is applied to a B-58 actuator. 


SEALING RINGS 


Engineered Products Sold with Service 
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© 1961 ROYAL MCBEE CORPORATION 


Circle No. 158 on Readers’ Service Card 


The LGP-30 
Electronic Computer 
is designed to stop 
the juggling of figures 
—and start the 


creating of profits. 


The Royal Precision LGP-30 can solve 
routine and theoretical mathematical 
problems 30 times faster than any man— 
yet rents for little more than the salary 
of an additional engineer. 


It is simple to program and operate, 

so no special programmer is needed. 

An engineer can use it himself. 

It requires no air-conditioning or costly 
installation. It plugs into any 110-volt AC 
wall outlet. It is mobile, so it rolls anywhere. 
It is desk-size, so it requires little room. 


This means that the Royal Precision LGP-30 

is ready to go to work to help your company 
create new products—and fresh profits— 

the very same day it is delivered. Can you 
wonder that there are more LGP-30’s 

installed and working right this minute than any 
other electronic computing system in its class? 


For more information: write 
Floyd Ritchie, Royal McBee Corporation, 
Port Chester, New York. 


GENERAL 
McBEE | PRECISION — 


ELECTRONIC DATA PROCESSING SYSTEMS 


AL 
q 
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How Allis-Chalmers 


reduces maintenance, 


boosts work capacity of their crawler tractors 


To design both greater work capacity and reduced 
maintenance into their crawler tractors, Allis- 
Chalmers engineers used Timken” tapered roller 
bearings for the heavy duty track rollers. 

Timken bearings work with the steel sealing rings 
to effect a positive seal that makes one-time lubrica- 
tion possible. Timken bearings keep all parts 
precisely aligned. They protect the seal by minimiz- 
ing side thrust and wobble, eliminate wear that 


makes bushing-type assemblies impossible to seal 
positively. And the tapered design lets Timken 
bearings take both radial and thrust loads. Full-line 
contact between rollers and races provides extra 
load-carrying capacity—extra work capacity. 

And to deliver more power where it’s needed, 
Timken bearings are also used in the bevel and 
clutch shaft, final drive pinion, intermediate and 
sprocket shafts, track idlers and support wheels. 


Industry rolls on 


TIMKEN 


tapered roller bearings 


ENGINEERING ASSISTANCE, carly 
in the design stage, helps manu- 
facturers stretch bearing dollars. 
Timken bearing engineers have the 
training to do the job and are eager 


to help you. 


METALLURGICAL LAB develops the 
steels that will make tomorrow’s 
Timken bearings last even longer, 
help customers to design more eco- 
nomical and durable bearing 
applications. 
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The Timken Roller Bearing Company, 
Canton 6, Ohio. Cable: ‘“Timrosco”’. 
Makers of Tapered Roller Bearings, 
Fine Alloy Steel and Removable 
Rock Bits. Canadian Division: 
Canadian Timken, St. Thomas, Ont. 
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